i 


K»"*'-«V''s?s  5"*:; 


The  University  Library 
Leeds 


The  Library  of  the 
School  of  Medicine 


30106  004242508 


ANAESTHETICS 


STANDARD  WORKS. 


By  WM.  STIRLING,  M.D.,  Sc.D., 

Professoh  of  Physiology  and  Histology,  Owens  College  and  Victoria 
University,  Manchkster  ;  Examiner  in  the  Universities  of 
Oxford,  Edinburgh,  and  London;  and  for  the  Fellowship 
of  the  Royal  College  of  Surgeons,  England. 

Fourth  Edition.    With  845  Illustrations,  some  in  Colours.  42s. 

HUMAN  PHYSIOLOGY  (A  Text-Book  of) :  Including  Histo- 

logy  and  Microscopical  Anatomy,  with  Special  Reference  to  Practical 
Medicine.     By  Dr.  L.  Landois,  of  Greifswald.     Translated  with 
Annotations  and  Additions  by  Wm.  STIRLING,  M.D. ,  Sc.D. 
"  Wo  liavo  no  hesitation  in  saying  tliat  this  is  the  work  io  which  the  Practitioner 
will  turn  whenever  ho  desires  light  thrown  upon,  or  information  as  to  how  lie  can  best 
investigate,  the  phenomena  of  a  complicated  or  IMPORTANT  case.    To  the  Student  it 
will  be  equally  valuable." — Edinburgh  Medical  Journal. 

"The  most  complete  resume  of  Physiological  knowledge  in  tho  language." — The  Lancet. 
"One  of  tho  most  practical  works  on  Physiology  over  written,  forming  a  'bridge' 
between  Physiology  and  Practical  Medicine.    Excellently  clear,  attractive,  and 
succinct." — British  Medical  Journal. 


With  816  Illustrations.    Cloth,  36s. 

HUMAN  ANATOMY  (A  Text-Book  of).    By  Alex.  Mac- 

alister,  M.A.,  M.D.,  F.R.S.,  Professor  of  Anatomy  in  the  University 
of  Cambridge. 

"By  far  the  most  important  work  which  has  appeared  in  recent  years." — The  Lancet. 

Second  Edition.    With  all  the  Original  Illustrations,  many  printed 

in  Colours.  25s. 

CLINICAL  DIAGNOSIS :  the  Chemical,  Microscopical,  and 

Bacteriological  Evidence  of  Disease.  By  Dr.  von  Jaksch,  of 

Prague.  Translated  from  the  Third  German  Edition  by  James  Cagney, 
M.A.,  M.D. 

"  A  striking  example  of  the  application  of  the  Methods  of  Science  to  Medicine.  .  .  . 
Stands  almost  alone  in  the  width  of  its  range,  the  thoroughness  of  its  exposition,  and 
the  clearness  of  its  style.  A  standard  work,  as  trustworthy  as  it  is  scientific." — The 
Lancet. 

FOR  THE  POCKET. 
Fifth  Edition.    Pocket-Size.    Leather,  8s.  6d.  Illustrated. 

A  SURGICAL  HANDBOOK.    For  the  Use  of  Practitioners, 
Students,  House-Snrgeons,   and  Dressers.    By  F.  M.  Caird,  M.B. . 
F.R.C.S.Ed.,  and  C.  W.  Cathcart,  M.B.,  F.R.C.S.Eng.  and  Edin., 
Assistant  Surgeons,  Royal  Infirmary,  Edinburgh. 
"Admirably  arranged.    The  best  practical  little  work  we  have  seen." — Edinburgh 

Medical  Journal. 

Now  Ready.   Pocket-Size.   Leather,  8s.  6d.   With  Numerous  Illustrations. 

A  MEDICAL  HANDBOOK.  For  the  use  of  Practitioners  and 
Students..   By  R.  S.  Aitohison,  M.B.  Edin.,  F.R.S.E. 

General  Contents.  — Case-taking— Diseases  of  the  Circulatory  System— Of 
the  Respiratory  System — Of  the  ilenal  System — Of  the  Digestive  System — Of 
the  Nervous  System — Of  the  Hemopoietic  System — Fevers  and  Miasmatic 
Diseases — Constitutional  Diseases — General  Information  and  Tables  Useful  to 
the  Practitioner — Rules  for  Prescribing — Prescriptions. 

"Such  a  work  as  this  is  really  necessary  for  tho  busy  practitioner.  Wc  can  speak 
highly  of  it. "  •  ■  The  Lancet. 


LONDON  :  CHARLES  GRIFFIN  &  CO.,  Ltd.,  Exeter  St.,  Strand. 


L.FF  OS  k  -Ml  R1  R'D'NC 

A  X  ./K  S  T  H**»'e  8u,t1 

AND  THEIR 

ADMINISTRATION. 

B  /Manual  for  flftebical  ano  Dental  practitioners 

ano  Stnoents. 


BY 


FREDERIC  W.  [HEWITT,  M.A.,  M.D.  Cantab. 

ANAESTHETIST  AND  INSTRUCTOR  IN  ANAESTHETICS  AT  THE  LONDON  HOSPITAL  ;  ANAESTHETIST 
AND  LECTURER  ON  ANAESTHETICS  AT  CHARING  CROSS  HOSPITAL;  ANAESTHETIST 
AT  THE  DENTAL  HOSPITAL  OP  LONDON,  AND  AT  THE  NATIONAL 
ORTHOPAEDIC  HOSPITAL. 


HBUtb  ^lustrations. 


LONDON: 

CHAKLES  GKIFFIN  AND  COMPANY,  Limited, 

EXETER  STREET,  STRAND. 

l393- 
[All  rights  reserved.] 


ERSITYCF  LEEDS 
MZ&iCAl  LIBRARY. 


.  t"  r  OS  A  HI  R1  B'OlNt 
I'!.  DlLUUllflUH&CAi,  *Utfi|t.i  ♦ 


TO 

JONATHAN  HUTCHINSON,  LL.D.,  F.R.S., 

CONSULTING-SURGEON  TO  THE  LONDON  HOSPITAL, 

Vbis  Boofe 

is 

RESPECTFULLY  DEDICATED. 


I 


b 


Digitized  by  the  Internet  Archive 

in  2015 


https://archive.org/details/b21511500 


PREFACE. 


The  following  pages  have  been  written  in  the  hope  that  they 
may  prove  of  service  to  those  practitioners  and  students  who  wish 
to  obtain  information  concerning  the  administration  and  effects 
of  general  anaesthetics. 

Until  within  the  last  few  years,  systematic  instruction  in  this 
branch  of  practice  was  almost  unknown ;  and  even  at  the  present 
time  the  opportunities  which  a  student  has  of  making  himself 
proficient  in  the  use  of  anaesthetics  are,  with  rare  exceptions, 
lamentably  inadequate.  It  thus  happens  that  numerous  recently 
qualified  practitioners  leave  their  hospitals  possessing  but  the 
scantiest  knowledge  of  the  subject ;  and,  owing  to  the  bewildering 
mass  of  literature  which  exists,  and  to  the  difficulty  of  extracting 
any  really  practical  information  from  it,  they  regard  all  further 
attempts  at  self-instruction  as  hopeless,  and  resort  to  the  simplest 
rather  than  to  the  safest  plans  of  anaesthetising  their  patients. 

My  principal  object,  therefore,  has  been  to  present  to  the  prac- 
titioner a  clear  and  yet  detailed  description  of  the  best  methods 
of  inducing  and  maintaining  surgical  anaesthesia  in  ordinary 
cases ;  to  indicate  what  modifications  in  procedure  should  be 
resorted  to  on  exceptional  occasions ;  and  to  systematically  con- 
sider the  chief  difficulties  and  dangers  connected  with  general 
anaesthetics,  and  the  proper  manner  in  which  they  should  be  met. 
I  have  endeavoured,  in  fact,  to  make  the  book  one  to  which  refer- 
ence may  be  made  when  any  doubt  exists  as  to  the  anaesthetic 
which  should  be  given  in  any  particular  case.  Supposing  that  a 
certain  type  of  patient  has  to  undergo  a  certain  operation,  and 
that  the  practitioner  has  not  had  much  experience  in  the  use  of 
anaesthetics,  it  is  believed  that  he  will  find,  by  referring  to  these 
pages,  practical  hints  which  may  materially  assist  him  in  the 
conduct  of  the  case. 

Another  object  which  I  have  had  in  view  has  been  to  assist 
the  student  in  acquiring  that  knowledge  which  is  essential  before 
he  actually  administers  an  anaesthetic  for  a  surgical  operation. 
I  have  tried,  as  far  as  possible,  to  give  him  the  information  of 
which  he  seems  most  in  need,  if  I  may  judge  by  the  questions 
which  are  most  frequently  put  to  me  whilst  engaged  in  instructing 
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students  in  the  operating  theatres  of  the  hospitals  with  which  I 
am  connected. 

I  may  add  that  I  commenced  collecting  materials  for  this  work 
just  ten  years  ago.  During  this  period  I  have  taken  as  accurate 
notes  as  possible  of  every  case  which  has  presented  points  of 
interest,  and  have  made  comparative  trials  of  all  the  best  known 
methods  of  producing  anaesthesia.  In  this  manner  I  have 
attempted  to  give  a  solid  clinical  foundation  to  every  conclusion 
which  I  have  ventured  to  put  forward. 

About  a  year  before  going  to  press  T  received  from  Dr.  W.  J. 
Sheppard  of  Putney  the  collection  of  Note-books  left  by  his 
brother,  the  late  Dr.  C.  E.  Sheppard,  one  of  the  anaesthetists  at 
the  Middlesex  Hospital  and  at  the  Guy's  Hospital  Dental  School. 
These  Note-books  contain  most  carefully  recoixled  notes  of  2350 
administrations.  I  felt  that  I  could  pay  no  better  tribute  to  the 
memory  of  one  whose  friendship  it  was  my  privilege  to  enjoy, 
and  whose  loss  so  many  must  regret,  than  by  going  most 
thoroughly  through  these  notes,  and  extracting  what  I  consi- 
dered to  be  most  important.  By  the  kind  assistance  and  guidance 
of  Dr.  W.  J.  Sheppard,  I  have  been  able  to  bring  together  all 
the  valuable  observations  made  by  his  brother  upon  the  pupil 
under  chloroform,  and  upon  many  other  points  connected  with 
the  effects  of  anaesthetics ;  and  I  have  incorporated  these  observa- 
tions with  my  own. 

In  my  endeavours  to  make  this  a  clinical  and  practical  treatise, 
I  have  thought  it  best  to  exclude  much  that  might  at  first  sight 
appear  to  be  essential.  Thus  it  will  be  found  that  only  the  more 
important  general  anaesthetics  have  been  considered  ;  that  no 
detailed  reference  has  been  made  to  the  discovery  and  history  of 
the  various  means  which  have  been  employed  for  the  prevention 
of  pain  ;  and  that  no  attempt  has  been  made,  either  to  discuss 
the  action  of  anaesthetics  from  a  purely  experimental  point  of 
view,  or  to  harmonise  clinical  and  physiological  facts.  All  these 
aspects  of  the  subject,  although  of  great  interest  per  se,  are  beyond 
the  aim  of  the  present  volume,  and  have  therefore  been  omitted. 

In  conclusion,  I  am  desirous  of  expressing  my  best  thanks  to 
Mr.  Marmaduke  Sheild  and  Mr.  George  Howell  for  the  very 
valuable  assistance  they  have  given  me  in  passing  the  work 
through  the  press. 

FREDERIC  W.  HEWITT. 

10  George  Street,  Hanover  Square,  W., 
July  1893. 
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PART  I. 


PRELIMINARY  CONSIDERATIONS. 


CHAPTER  I. 

THE  PROPERTIES  AND  IMPURITIES  OF  THE  CHIEF  AGENTS 
CAPABLE  OF  PRODUCING  GENERAL  ANAESTHESIA. 

A.  NITROUS  OXIDE. 

Nitrogen  monoxide  (otherwise  known  as  protoxide  of  nitrogen, 
nitrous  oxide,  or  '  laughing  gas ')  has  a  chemical  formula  of  ON2. 
It  was  first  prepared  by  Priestley ; 1  its  properties  were  ably  in- 
vestigated by  Sir  Humphry  Davy  2  in  1 799-1800,  who  recognised 
its  power  of  alleviating  pain,  and  suggested  that  it  might  be  used 
as  an  anaesthetic  for  surgical  operations ;  and  in  1844  it  was  em- 
ployed for  the  production  of  surgical  anaesthesia  by  Horace  Wells, 
an  American  dentist.3 

Properties. — Under  ordinary  circumstances  nitrous  oxide  is 
a  colourless,  transparent,  feebly  refractive  gas,  with  a  peculiar 
sweetish  odour  and  taste.  It  can  be  respired  without  any  dis- 
comfort when  the  apparatus  for  its  administration  is  properly 
constructed.  "When  pure  it  is  wholly  devoid  of  irritant  properties, 
so  that  it  is  particularly  useful  in  cases  in  which  other  anaesthetics 
excite  cough,  swallowing,  &c.  The  gas  has  a  sp.  gr.  of  1.52  4 
(Colin).  A  litre  of  it  weighs  1.97 172  grm. ;  or  100  cubic  inches 
47.29  grains.  Water  at  0°  C.  dissolves  a  little  more  than  its  own 
volume,  but  the  solubility  diminishes  as  the  temperature  of  the 
water  is  raised.    Nitrous  oxide  was  first  liquefied  by  Faraday  in 

1  Eoscoe  and  Schorlemmer  ('A  Treatise  on  Chemistry,'  1884)  give  the 
date  1772  :  Watts  ('A  Dictionary  of  Chemistry')  1776. 

2  See  '  Collected  Works  '  of  Sir  Humphry  Davy. 

3  For  an  excellent  historical  account  of  nitrous  oxide  the  reader  is  referred 
to  Dr.  Silk's  recent  work  on  'Nitrous  Oxide  Anaesthesia.' 

4Ji-49S  (Watts). ; 
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1823.  Liquefaction  takes  place  under  a  pressure  of  30  atmos- 
pheres at  o°  C,  or  50  atmospheres  at  70  C.  Liquefied  nitrous  oxide 
is  a  colourless,  very  mobile  body,  having  a  sp.  gr.  of  .9369  at  0° 
0.  (Andreef).  Its  boiling-point  is  stated  by  some  observers  to  be 
-  87°.9  C,  under  a  pressure  of  767.3  mm.  of  mercury;  whilst 
others  place  it  at  —  920  C.  The  steel  and  iron  cylinders  in  which 
nitrous  oxide  is  supplied  by  the  manufacturers  contain  the  agent 
in  this  liquid  form.  Roughly  speaking,  15  oz.  by  weight  of 
liquefied  nitrous  oxide  will  furnish  50  gallons  of  the  gas.  Solid 
nitrous  oxide,  in  the  form  of  compact  snow,  has  been  prepared  by 
Wills,1  who  obtained  it  by  a  modification  of  Thilorier's  method 
for  preparing  solid  carbonic  anhydride.  The  temperature  of  its 
freezing  or  melting  point  is  stated  to  be  —  99°  C,  as  observed  with 
an  alcohol  thermometer.  As  Dr.  Sheppard  pointed  out,2  the 
faulty  working  of  nitrous  oxide  cylinders  is  often  due  to  super- 
ficial solidification  produced  by  the  intense  cold  which  results  from 
the  conversion  of  the  liquid  nitrous  oxide  into  gas  when  the  pres- 
6ui*e  within  the  cylinder  is  released.  Nitrous  oxide  is  not  easily 
decomposed,  a  considerable  elevation  of  temperature  being  neces- 
sary to  split  it  up  into  its  constituent  gases.  But  when  a 
burning  body  is  placed  in  the  gas,  the  latter  is  decomposed,  and 
combustion  is  supported. 

Impurities. — The  nitrous  oxide  supplied  for  anaesthetic  pur- 
poses is  usually  free  from  impurities.  It  is  stated,  however,  that 
the  gas  has  sometimes  been  found  to  contain  other  oxides  of 
nitrogen,  and  chlorine.  These  gases,  if  present,  would  give  the 
nitrous  oxide  an  irritating  odour  and  would  induce  coughing. 
The  former  impurities  would  be  best  detected  by  passing  a  slow 
stream  of  the  nitrous  oxide  through  a  cold  solution  of  ferrous 
sulphate  acidulated  with  sulphuric  acid;  should  the  solution 
darken,  the  presence  of  other  oxides  of  nitrogen  would  be 
indicated.  Chlorine  would  be  detected  by  its  characteristic 
odour,  and  by  its  precipitating  the  chloride  from  a  solution  of 
argentic  nitrate.  Some  writers  state  that  'sulphates'  may  be 
present  as  impurities  in  nitrous  oxide ;  but  it  is  difficult  to 
understand  their  existence  in  the  gas. 

Liquefied  nitrous  oxide  may  be  preserved  for  an  almost  in- 
definite time  in  iron  or  steel  cylinders.  Some  administrators 8 
have  drawn  attention  to  differences  between  the  gas  obtained 
from  liquid  nitrous  oxide  and  that  which  has  never  been  subjected 
to  liquefaction.     Such  differences  probably  depend  upon  the 

1  Chemical  Society's  Journal,  II.  xii.  21. 

2  See  foot-note,  p.  92. 

3  See  Brit.  Journ.  Dent.  Science,  Dec.  15,  1S84  ('Anaesthetics  and  their 
Administration,'  by  J.  W.  Roberts,  L.D.S. ). 
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absence  of  all  traces  of  atmospheric  air  in  the  nitrous  oxide 
which  issues  from  the  cylinders.  If  the  nitrous  oxide  be  kept 
in  a  gaseous  form,  even  for  a  few  clays,  admixture  with  air  will 
be  liable  to  occur,  and  although  the  gas  may  produce  good 
anaesthesia,  there  may  be  an  absence  of  that  lividity  and  stertor 
which  are  met  with  when  employing  nitrous  oxide  absolutely 
free  from  oxygen. 

B.  ETHER. 

Ethyl  oxide  (otherwise  known  as  ethylic  ether,  vinous  ether, 
sulphuric  ether,  or  simply  ether)  has  a  chemical  formula  of 
C4H10O,  or  (C2H5)20.  According  to  Watts 1  it  was  first  prepared 
by  Valerius  Cordius  in  1540,  who  gave  it  the  name  of  'oleum 
vitrioli  dulce.'  Whilst  there  can  be  no  doubt  that  the  discovery 
of  the  anaesthetic  properties  of  ether  took  place  in  America,  it 
is  difficult  to  state  with  certainty  who  first  employed  ether  as 
an  anaesthetic  for  a  surgical  operation.2 

Properties. — Ether  is  a  transparent,  colourless,  very  mobile, 
and  highly  volatile  liquid,  possessing  a  characteristic  pungent 
odour  and  burning  taste.  It  is  perfectly  neutral  to  test-paper. 
It  reflects  light  strongly.  The  sp.  gr.  of  pure  ether  is  .723  at 
i2°.5  C.  (Watts),  or  .720  at  15°. 5  C  (Fownes).  At  o°  C.  it  is 
said  to  have  a  sp.  gr.  of  .7356  (Roscoe  and  Schorlemmer). 
According  to  Watts  and  Fownes  it  boils  at  35°.6  C.  (96°  F.), 
under  the  ordinary  atmospheric  pressure  ;  but  other  observers 
(Kopp  and  Andrews)  give  the  boiling-point  at  340. 9  C.  Its 
vapour  density  is  2.586  (Gay-Lussac)  as  compared  to  air.  Owing 
to  its  possessing  such  a  high  sp.  gr.,  ether  vapour  may  be  poured 
from  one  vessel  to  another,  and  the  process  may  be  actually 
watched  in  bright  sunlight.  Some  doubt  seems  to  exist  as  to  the 
possibility  of  solidifying  ether  by  intense  cold.  Fourcroy  and 
Vauquelin  state  that  when  ether  is  cooled  to  —31°  C.  it  crys- 
tallises in  long  white  glistening  tablets,  which  at  —  440  C.  form 
a  continuous  solid  mass  ;  but  Mitchell  found  he  was  unable  to 
freeze  pure  ether  free  from  all  traces  of  water  by  submitting  it 
to  a  temperature  of  -  900  C.  The  balance  of  evidence  seems  in 
favour  of  Mitchell's  views.  Ether  is  freely  miscible  with  alcohol, 
chloroform,  and  almost  all  rother  hydrocarbon  derivative  com- 

1  Op.  cit., 

2  According  to  Dr.  Buxton  ('Anaesthetics,  their  Uses  and  Administration,' 
2nd  ed.),  whose  interesting  historical  account  of  the  introduction  of  anaes- 
thetics is  well  worth  reading,  ether  was  first  administered  for  a  surgical 
operation  in  1842  by  Dr.  Long  of  Jefferson,  Jackson  Co.,  U.S.A.  The 
merit  of  the  discovery,  however,  is  more  usually  ascribed  to  William  T.  G. 
Morton,  an  American  dentist  of  Boston,  and  a  pupil  of  Horace  Wells. 
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pounds.  It  is  also  soluble  to  a  certain  extent  in  water,  i  part 
dissolving  in  i  o  at  1 1  °  C.  One  part  of  water,  moreover,  dissolves 
in  about  34  parts  of  ether.  Ether  vapour  is  highly  inflammable, 
and  when  mixed  with  air  detonates  violently  on  the  approach  of 
a  burning  body.  It  burns  with  a  white  luminous  flame.  These 
facts  should  be  borne  in  mind,  not  only  when  administering  in  the 
neighbourhood  of  an  artificial  light,  but  when  pouring  the  liquid 
from  one  bottle  to  another.  Moreover,  the  actual  cautery  should 
never  be  used  about  the  mouth  or  nose  when  the  patient  is  under 
the  full  influence  of  ether.1 

Impurities. — Pure  ethylic  ether  should  be  perfectly  neutral 
to  test-paper,  and  should  evaporate  without  leaving  any  residue 
whatever.  Many  samples  of  the  best  methylated  ether  leave  a 
distinct  and  pungent  residue  (see  p.  7).  It  should,  moreover, 
form  a  clear  mixture  in  all  proportions  with  oil  of  copaiba.  Ether 
containing  water  or  alcohol  forms  an  emulsion  with  considerable 
quantities  of  the  oil  (Watts).  The  presence  of  water  may  also  be 
detected  by  means  of  potassium  phosphate,  which  is  insoluble  in 
anhydrous  ether,  but  dissolves  partially  in  ether  containing  water, 
a  brown  residue  being  left.2  Tannic  acid,  which  is  insoluble  in 
ether  but  soluble  in  water,  is  also  used  as  a  test  for  the  latter. 
Alcohol  is  best  detected  by  shaking  the  ether  with  water,  which 
removes  the  alcohol ;  the  aqueous  extract  is  then  gently  warmed, 
a  few  crystals  of  iodine  added,  and  then  so  much  caustic  potash 
that  the  solution  just  becomes  colourless;  after  standing  for  a 
few  hours,  or  at  most  a  night,  a  bright  yellow  precipitate  of 
iodoform  will  be  thrown  down,  and  the  characteristic  six-sided 
tablets  or  six-sided  stellar  groups  may  be  examined  micro- 
scopically.3 By  this  test  1  part  of  alcohol  in  2000  parts  of 
water  may  be  detected.  The  presence  of  methylated  ether  in 
pure  ether  is  best  detected  by  careful  fractional  distillation.4 

1  Kappeler  ('Ansesthetica,'  p.  173)  refers  to  a  case  at  Lyons,  in  which, 
during  the  use  of  the  cautery  in  the  mouth,  the  ether  vapour  ignited.  The 
face  of  the  patient  and  the  bag  of  the  ether  inhaler  caught  fire,  and  deep  burns 
upon  the  face  resulted.  The  case  is  also  referred  to  in  the  Brit.  Med.  Journ., 
vol.  ii.  1879,  p.  826.  Mr.  Marinaduke  Sheild  records  a  similar  case  (Proc. 
Med.  Soc,  1887,  vol.  x.  p.  144),  and  states  that  he  has  also  known  the  expira- 
tions of  a  patient  under  ether  to  become  ignited  by  an  adjacent  lamp.  See 
also  two  cases  reported  in  '  Surgical  Observations '  by  Dr.  Warner. 

2  Romei,  Zeitschr.  Anal.  Ckem.,  1S69,  p.  390. 

3  See  Roscoe  and  Schorlemmer,  vol.  iii.  part  I,  p.  31 8.  See  also  Watts's 
'Dictionary  of  Chemistry,'  2nd  Supplement,  1S75,  Art.  'Ethyl  oxide.'  t 

4  Ether  prepared  from  methylated  spirit  commences  to  boil  at  a  lower 
temperature  than  ether  prepared  from  rectified  spirit.  See  an  article  by 
Mr.  H.  W.  Jones,  F.C.S..  on  'The  Detection  of  Methylated  Ether'  (Pharm. 
Journ.  and  Trans.,  vol.  xvi.  1885-6,  p.  663).  It  is  stated  that  as  little  as  10 
per  cent,  of  methylated  ether  can  thus  be  found.    By  removing  the  distillate 
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When  ether  has  been  preserved  in  an  imperfectly  stoppered 
bottle  it  is  said  to  absorb  oxygen,  and  to  become  acid  from 
the  presence  of  acetic  acid.  It  is  difficult,  however,  to  under- 
stand this,  for  owing  to  extreme  volatility  of  the  drug,  the 
contents  of  the  bottle  would  soon  altogether  disappear.  Should 
acetic  acid  be  present,  the  ether  would,  of  course,  redden  blue 
litmus  paper,  and  an  aqueous  extract  of  it  would  give  the  re- 
actions for  acetic  acid.  A  dark  red  coloration  with  ferric 
chloride  is  not  characteristic  of  the  presence  of  acetic  acid,  as 
formates  and  other  bodies  give  this  reaction  as  well.  Roscoe 
and  Schorlemmer  state  that  the  most  characteristic  test  is  the 
conversion  of  acetic  acid  into  cacodyl  oxide.  "  For  this  purpose 
the  acid  is  saturated  with  caustic  potash,  evaporated  with  a  small 
quantity  of  powdered  arsenic  trioxide,  and  the  mixture  heated  in 
a  test-tube,  when  the  characteristic  smell  is  perceived."  Should 
the  aqueous  extract  contain  sulphuric  acid,  it  may  be  detected  by 
the  white  precipitate  which  it  gives  with  baric  chloride. 

The  pharmacopoeial  test  for  the  purity  of  ether  has  given  rise 
to  much  discussion.  The  Pharmacopoeia  states  that  "when 
shaken  with  a  fourth  of  its  bulk  of  solution  of  iodide  of  potassium 
and  a  little  starch  paste,  no  blue  colour  is  produced."  The 
question  naturally  arises  :  "What  impurities  in  ether  is  this  test 
supposed  to  indicate  1  The  question  cannot  at  present  be  satis- 
factorily answered.  Some  have  thought  aldehyde,1  others  ozone,2 
and  others  again  peroxide  of  hydrogen  to  be  the  cause  of  the 
liberation  of  iodine.3 


immediately  the  thermometer  indicated  900  F.,  the  following  results  were 
obtained  : — 


100  c.c.  of  each  taken. 

C.c.  obtained. 

Remarks. 

Rectified  ether,  sp.  gr.  .720. 
Rectified  ether,  sp.  gr.  .730. 
Methylated  ether,  sp.  gr.  .717. 
Methylated  ether,  sp.  gr.  .720. 
Methylated  ether,  sp.  gr.  .730. 

Rectified  (.735)  and  methylated  \ 
(.730)  in  equal  parts.  J 

0 
0 
60 
54 
23 

7 

Boiled  freely  at  74°  P. 

( After  cooling  and  again 
<     heating,  a  further  5  c.c. 
(  obtained. 

1  Pharm.  Journ.  and  Trans.,  3rd  ser.,  xv.  p.  521. 
8  Ibid.,  xvi.  p.  661. 

3  Ibid.,  xvii.  p.  841.  Prof.  Dunstan  and  Mr.  Dymond,  who  have  devoted 
much  attention  to  the  matter,  state  that  the  amount  of  iodine  liberated  in  a 
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According  to  Martinclale,1  the_  following^  kinds  of  ether  I  are 
obtainable : — 

(i.)  From  Pure  Rectified  Spirit. 

(1.)  JEther  (OS.).  Sp.  gr.  .735.  Ordinary  medicinal  etlier.  Contains 
a  little  spirit  and  water.    Not  so  suitable  for  inhalation  as — 

(ii.)  Jhither  Purus 2  (Off.).   Sp.  gr.  not  exceeding  .720.   Absolute  etlier. 

(2.)  From  Methylated  Spirit.] 

(i.)  Absolute  Ether — Methylated.  Sp.  gr.  .71  y-.y  19.  Contains  a  little 
methylic  etlier,  and  is  specially  adapted  for  producing  local  anaesthesia, 
as  it  boils  under  80°.    Not  adapted  for  producing  general  anaesthesia. 

(ii.)  Rectified  Ether.  From  methylated  spirit.  Sp.  gr.  .720.  Well 
washed  to  free  it  from  methylic  ether,  purilied,  and  re-distilled.  Well 
adapted  for  producing  general  anaesthesia. 

(iii.)  Methylated  Ether.    Sp.  gr.  .730.    For  common  purposes. 

Putting  on  one  side  the  first  and  third  of  the  methylated  ethers 
in  the  above  list,  which  are  used  either  for  producing  local  anaes- 
thesia or  for  common  purposes,  and  which  should  never  be  employed 
for  inhalation,3  and  putting  on  one  side  also  the  ether  standing 
first  of  all  on  the  list,  which  is  rarely  used  for  inhalation,  we 
are  left  with  'iEther  purus'  of  the  British  Pharmacopoeia,  and 
'rectified  ether  from  methylated  spirit,'  or,  as  it  is  sometimes 
termed,  '  pure  methylated  ether.'  Opinions  are  still  divided  as 
to  the  relative  merits  of  these  two  ethers.  There  are  some  who 
unhesitatingly  prefer  the  'pure  methylated}: ether' to  that  ob- 

given  time  is  dependent  upon  the  strength  of  the  iodide  solution — a  point  of 
importance  in  applying  this  test.  They  found,  moreover,  that  whilst  pure 
ether  did  not  liberate  iodine,  ether  prepared  from  methylated  spirit  quickly 
did  so,  even  when  the  iodide  solution  was  very  dilute.  They  obtained  from 
specimens  of  impure  ether,  by  spontaneous  evaporation,  a  pungent  residue, 
which  they  found  to  contain  peroxide  of  hydrogen  in  small  quantities  ;  and 
they  believe  that  this  peroxide  of  hydrogen  is  the  body  which  reacts  with 
the  iodide  solution.  What  the  substance  may  be  which  gives  rise  to  the 
hydrogen  peroxide  they  cannot  determine.  One  of  the  specimens  of  ether 
which  left  a  pungent  residue  on  evaporation  had  a  sp.  gr.  of  .741  and  a  boiling- 
point  of  340  C.  (93.2  F.).  In  the  course  of  their  experiments  these  observers 
found  that  even  though  pure  ether  was  exposed  to  direct  light  for  two  months 
it  failed  to  react  with  dilute  iodide.  They  also  passed  a  stream  of  oxygen  for 
two  days  and  a  stream  of  air  for  some  hours  through  pure  ether  with  a  similar 
result. 

1  '  Extra  Pharmacopoeia,'  1892. 

2  I  am  informed  by  Messrs.  Robbins  &  Co.  that  the  sp.  gr.  of  their  'anhy- 
drous ether,'  which  I  have  found  to  answer  well,  is.  720,  or  is  even  a  little  below 
this,  and  that  its  boiling-point  is  as  near  as  possible  950  F. 

a  A  fatal  result  has  been  known  to  follow  the  administration  of  '  local 
anaesthetic  ether'  (see  Lancet,  Aug.  7,  1875).  These  impure  ethers,  when  in- 
haled, produce  much  irritation,  respiratory  difficulty,  cough,  salivation,  &c. 
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tained  from  rectified  spirit.1  There  are  others  who  hold  exactly 
opposite  views ; 2  and  there  are  others  again  who  state  that  they 
can  detect  no  difference  in  the  effects  of  the  two  varieties.3  I 
have  for  several  years  past  administered  both  kinds  of  ether,  with 
the  object  of  carefully  comparing  the  effects.  I  have  often  given 
the  purer  ether  on  one  occasion  and  the  methylated  ether  on 
another,  to  the  same  patient,  and  have  noted  the  results.  I  have 
also  given  the  ethers  alternately  during  a  prolonged  administration 
and  have  watched  the  effects  produced.  My  experience  leads  me 
to  the  conclusion  that  the  purer  ether  is  preferable.  It  produces 
less  irritation,  less  mucus,  less  respiratory  difficulty,  and  less 
after-nausea  and  vomiting  than  the  best  methylated  brands. 
The  vapour  of  pure  ether,  moreover,  is  less  disagreeable  than  that 
of  methylated  ether.  The  so-called  '  pure  methylated  ether,' 
which  is,  to  my  knowledge,  very  largely  used  at  several  of  our 
hospitals,  commences  to  boil  at  such  a  low  temperature  that  in 
the  summer  time  the  heat  of  the  hand  is  often  sufficient  to  in- 
duce ebullition,  methylic  ether  in  a  gaseous  form  apparently  being 
evolved.  This  low  boiling-point  of  '  pure  methylated  ether  '  has 
led  many  to  infer  that  recovery  from  etherisation  should  take 
place  more  rapidly  than  after  the  use  of  ether  prepared  from 
rectified  spirit.  But  this  is  questionable.  There  are  impurities 
in  most  if  not  in  all  of  the  methylated  ethers ;  and  these  remain 
behind,  as  it  were,  either  in  the  inhaler  or  in  the  patient.  The 
precise  nature  of  such  impurities  is  at  present  unknown.  I  have 
myself  evaporated  considerable  quantities  of  '  pure  methylated 
ether,'  and  can  corroborate  Prof.  Dunstan's  statement  that  a 
disagreeably  smelling  residue  remains.  Possibly  fusel  oil  may  be 
present  in  this  residue.  After  a  long  administration  of  methy- 
lated ether  some  of  this  impurity  must  be  inhaled  by  the  patient. 
It  is  stated  indeed  by  those  who  prefer  methylated  ether  to  the 
purer  drug  that  patients  remain  longer  under  its  influence  than 
when  ether  prepared  from  rectified  spirit  has  been  used  ;  and  they 
urge  that  this  is  an  advantage.  It  is,  however,  in  my  experience, 
the  reverse  of  advantageous.  A  good  and  quick  recovery  from 
the  effects  of  ether  is  to  be  encouraged,  and  such  a  recovery  is  to 
be  looked  for  when  the  purest  ether  has  been  used.  The  compara- 
tively tardy  recovery  from  methylated  ether  (I  am  speaking  of 
long  administrations)  is  probably  connected  with  the  inhalation 
of  impurities  which  are  not  to  be  found  in  'iEther  purus.' 

1  The  late  Dr.  Sheppard  believed  that  he  obtained  better  results  with  this 
than  with  the  purer  ether;  and  Mr.  Bendelack  Hewetson  holds  similar  views 
(see  Lancet,  1882,  i.  p.  1072).  • 

2  Mr.  Bailey  prefers  the  purest  ether. 

3  Mr.  Woodhouse  Braine  is  of  this  opinion. 
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C.  CHLOROFORM. 

Trichlormethane,  dichlorinated  chloride  of  methyl,  perchloride 
of  formyl,  commonly  known  as  chloroform,  has  a  chemical  formula 
of  CIIC13.  Lie  big,  Soubeiran,  and  Guthrie  appear  to  have 
independently  discovered  chloroform 1  in  the  year  1831  ;  but  its 
real  chemical  composition  was  not  ascertained  till  1834,  when 
Dumas2  determined  its  true  formula.  It  was  first  used  as  an 
ana3sthetic  by  Sir  James  Simpson  in  1847. 

Properties. — Chloroform  is  a  colourless,  transparent,  mobile, 
and  volatile  liquid,  possessing  a  pleasant,  penetrating  odour,  and 
sweet  fiery  taste.  Its  sp.  gr.  at  170  C.  is  1.491  (Regnault) ;  at 
o°  C.  1.52523  (Pierre).  Chloroform  obtained  by  crystallisation 
at  an  extremely  low  temperature  (Pictet's  process)  is  stated  to 
have  a  sp.  gr.  of  1.5002  at  150  C.3  The  boiling-point  of  pure 
chloroform,  according  to  Regnault,4  is  60°.  16  C.  ;  according  to 
Liebig,  6i°  C.  Pierre  states  that  chloroform  boils  at  63°. 5  C, 
with  the  barometer  at  772.52  mm.  of  mercury.  Its  vapour 
density,  according  to  Dumas,  is  4.199;  according  to  Regnault, 
4.230.  Chloroform  remains  liquid  and  transparent  at  -  160  C. 
(Pierre),  but  may  be  solidified  by  the  cold  produced  by  its  own 
evaporation.  Chloroform  dissolves  in  water  to  the  extent  of 
1  part  in  200,  and  is  miscible  in  all  proportions  with  alcohol, 
ether,  and  other  organic  liquids.  It  is  not  inflammable,  but  its 
vapour  is  decomposed  when  passed  into  a  lighted  spirit-lamp, 
and  burns  with  a  smoky  flame,  emitting  fumes  of  hydrochloric 
acid. 

Chloroform  is  found  to  be  less  liable  to  decomposition  when 
a  very  small  percentage  of  ethyl  ic  alcohol  is  added  to  it.  The 
chloroform  of  the  British  Pharmacopoeia  therefore  contains  1 
per  cent,  by  weight5  of  alcohol,  and  has  a  sp.  gr.  of  1.497. 

1  According  toRoscoe  and  Schorlemmer  chloroform  was  discovered  in  1831 
by  Liebig  (Pogg.  Ann.,  xxiii.  444;  Ann.  Pharm.,  i.  31,  198),  and  about 
the  same  time,  but  independently,  by  Soubeiran  {Ann.  Chim.  Phys.  [2], 
xlviii.  131  ;  Ann.  Pharm.,  i.  272).  The  former  considered  it  to  be  a  chloride 
of  carbon  :  the  latter  gave  it  the  name  '  dther  bichlorique. '  According  to 
Watts  ('Dictionary  of  Chemistry')  Liebig's  discovery  was  in  1832;  but  as 
Liebig  strongly  put  forward  his  claims  to  priority  (Ann.  Chem.  Pharm., 
clxii.  161)  it  seems  certain  that,  so  far  as  he  and  Soubeiran  were  concerned, 
the  discovery  was  almost  simultaneous.  Dr.  Buxton  (' Anaesthetics,'  2nd 
ed.,  p.  94)  supports  the  claims  of  Samuel  Guthrie. 

2  Ann.  Chim.  Phys.,  lvi.  115;  Ann.  Pharm.,  xvi.  164. 

3  Martindale's  'Extra  Pharmacopoeia.' 

4  Jahresb.,  1863,  p.  70. 

B  Mr.  David  Brown  Dott,  writing  on  '  The  Purity  of  Chloroform  for  Anaes- 
thetic Purposes  '  (Pharm.  Journ.  and  Trans.,  1882,  p.  769),  states  that  one- 
tenth  per  cent,  of  alcohol  is  sufficient. 
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Should  alcohol  be  present  to  a  greater  extent  than  this  the  sp. 
gr.  would,  of  course,  be  lower.  It  is  stated  that  the  chemically 
pure  chloroform  obtained  by  Pictet's  freezing  process  does  not 
require  this  addition  of  alcohol  iu  order  to  preserve  it ; 1  but 
further  research  is  necessary  on  this  point. 

Impurities. — A  great  deal  of  discussion  has  from  time  to 
time  taken  place  concerning  the  nature  of  the  impurities  of 
chloroform,  and  the  possibility  of  such  impurities  having  been 
responsible  in  some  cases  for  the  supervention  of  dangerous  or 
fatal  symptoms  during  chloroformisation.  Our  knowledge  upon 
the  subject  is  at  present  very  imperfect,  and  there  is  room  for 
further  investigation.  Whilst  impurities  and  decomposition  pro- 
ducts have  undoubtedly  been  found  in  chloroform  which  has  pro- 
duced dangerous  symptoms,  such  symptoms  have  often  appeared 
under  the  influence  of  chloroform  which  has  stood  with  credit  the 
recognised  tests  of  purity.  In  the  present  unsettled  state  of  the 
subject  it  will  therefore  be  best  that  we  should  confine  ourselves 
to  facts,  and  avoid  all  inferences  as  far  as  possible. 

The  chloroform  used  for  anaesthetic  purposes  should  conform 
to  the  following  tests  : — 

1.  It  should  possess  a  sp.  gr.  and  boiling-point 2  such  as  have 
been  already  mentioned. 

2.  It  should  be  perfectly  transparent  and  colourless. 

3.  It  should  be  absolutely  neutral  to  test-paper. 

4.  It  should  possess  an  agreeable,  bland,  and  non-irritating 
odour. 

5.  When  a  portion  is  allowed  to  evaporate  spontaneously  from 
a  watch-glass  it  should  leave  no  residue,  either  of  water  or  of  any 
substance  possessing  a  strong  smell.3 

1  Lancet,  Dec.  19,  1891  :  '  On  a  New  Method'of  Purifying  Chloroform,' 
by  R£ne"  du  Bois-Reymond. 

2  Chloroform  may  be  contaminated  with  substances  possessing  a  higher  or 
lower  boiling-point  than  the  chloroform  itself.  Thus  Prof.  Mentin  of  War- 
saw (Pharm.  journ.  and  Trans.,  1888-9,  P-  99 l)  found,  on  taking  49  c.c.  of 
a  sample  of  chloroform  which  was  obtained  from  a  "  respectable  German 
house,"  that  6.5  c.c.  came  over  at  59°-6o°  C,  30  c.c.  from  6o°-6i°,  and  12.5 
c.c.  above  6i°.    Other  investigators  have  recorded  similar  results. 

3  Impure  chloroform  may  leave  a  distinct  residue  when  evaporated.  For 
example,  the  residue  of  the  sample  referred  to  in  the  last  foot-note  weighed 
■002  grm.,  and  consisted  of  well-defined  acicular  crystals  surrounded  by  a 
yellowish  liquid.  It  had  a  most  disagreeable  odour  of  nitro-benzol  and 
tobacco,  and  when  inhaled  produced  giddiness  and  headache.  After  forty- 
eight  hours  the  smell  was  replaced  by  that  of  benzoic  acid.  When  the  residue 
was  heated  on  a  watch-glass  and  partly  evaporated,  the  remainder  turned 
brown,  and  evolved  a  smell  like  that  of  burnt  indiarubber.  The  chloroform 
from  which  this  residue  was  obtained  had  caused  alarming  symptoms  in  one 
half  of  the  cases  in  which  it  had  been  employed. 
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6.  When  shaken  with  concentrated  sulphuric  acid  no  brownish 
coloration,  or  only  the  faintest,  should  result. 

7.  It  should  form  no  precipitate  with  a  solution  of  argentic 
nitrate. 

8.  It  should  not  acquire  a  brown  colour  whenj  heated  to  the 
boiling-point  with  caustic  potash. 

Other  tests  of  purity  have  been  suggested.  Several  years  ago 
M.  Yvon  drew  attention 1  to  the  fact  that  an  alkaline  perman- 
ganate solution,  when  added  to  impure  chloroform,  is  changed 
from  violet  to  green,  whereas  the  violet  colour  is  retained  when 
the  chloroform  is  pure.  But  subsequent  experience  has  shown  2 
that  the  small  quantity  of  alcohol  which  is  usually  added  to 
chloroform  is  quite  sufficient  to  change  the  colour  of  the  per- 
manganate, so  that  Yvon's  test  can  hardly  be  depended  upon. 

JNow  that  there  are  several  reliable  manufacturers  of  chloro- 
form for  anaesthetic  purposes,  the  difficulty  of  obtaining  a  pure 
drug  is  far  less  than  it  formerly  was.  But  the  purest  chloroform 
is  liable  to  decomposition.  Exposure  to  sunlight  and  air  will,  in 
the  course  of  a  short  time,  lead  to  the  formation  of  carbonyl 
chloride,3  as  has  lately  been  shown  by  Prof.  W.  Ramsay.4 
This  observer  states  that  he  has  found  carbonyl  chloride  in  many 
specimens  of  chloroform  submitted  to  him  for  analysis,  and  that 
it  may  be  detected,  on  adding  baryta  solution  to  the  chloroform, 
by  a  white  him  making  its  appearance  at  the  junction  of  the  two 
liquids.  Prof.  W.  Ilamsay  has  also  found  traces  of  hydrochloric 
acid  in  some  samples.  This  acid  and  free  chlorine  have  for 
several  years  been  known  to  be  present  in  chloroform  which  has 
undergone  decomposition ;  and  are  to  be  detected  by  the  chloro- 
form reddening  blue  litmus  paper  and  forming  a  precipitate 
with  argentic  nitrate.  Acetic  acid  (to  be  detected  by  the 
process  described  on  p.  5),  formic  acid,  and  aldehyde  are  also 

1  Pharm.  Journ.  and  Trans.,  1882,  p.  71 1. 
~  Ibid.,  1882,  pp.  740  and  769. 

3  An  interesting  article  appears  in  the  Practitioner,  vol.  42,  p.  41S, 
entitled  'On  a  Danger  attending  the  Administration  of  Chloroform  by  Gas- 
light.' The  author,  Dr.  D.  K.  Patterson  of  Cardiff,  draws  attention  to  the 
fact  previously  pointed  out  by  Langenbeck,  that  chloroform  vapour  may  be 
decomposed  into  carbonyl  chloride  or  phosgene  gas  by  the  action  of  gas-light. 
According  to  Dr.  Patterson  the  reaction  is  as  follows: — 2CHCl3+02  = 
2COCI2  +  2HCI,  both  phosgene  and  hydrochloric  acid  gases  being  formed, 
and  the  former  again  splitting  up  into  CO.,  and  HC1.  He  states  that  Zweifel 
has  met  with  pulmonary  complications  after  chloroform  used  in  abdominal 
sections  by  gas-light,  and  attributes  such  complications  to  the  action  of  the 
irritating  products  of  decomposed  chloroform.  Dr.  Patterson  found  that 
paroxysmal  cough,  throat-irritation,  and  headache  followed  the  use  of  chloro- 
form in  the  neighbourhood  of  gas-light  in  a  badly  ventilated  room. 

4  Journ.  Brit.  JJtnt.  Assoc.,  Sept.  1892,  p.  629. 
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stated  by  Kappeler  to  be  produced  by  the  decomposition  of 
chloroform.  The  detection  of  alcohol  is  best  effected  by  making 
a  ■watery  extract  of  the  chloroform,  and  obtaining  the  iodoform 
reaction  (p.  4).  According  to  Kappeler,  alcohol  may  also  be 
conveniently  recognised  by  the  turbidity  which  results  when 
equal  parts  of  oil  of  almonds  and  chloroform  are  shaken  together, 
or  by  the  coagulation  which 'takes  place  in  white  of  egg  when  a 
few  drops  of  the  chloroform  are  added,  or  by  the  milky  appear- 
ance which  drops  of  chloroform  assume  when  allowed  to  fall 
through  distilled  water.1  When  alcohol  is  present  in  excess  of 
that  quantity  which  is  customarily  added,  the  sp.  gr.  of  the 
chloroform  will,  as  already  mentioned,  be  lower  than  1.49. 
Alcohol,  as  well  as  other  easily  oxidisable  substances,  will,  if 
present  in  chloroform,  cause  a  cold  solution  of  potassium 
bichromate  acidulated  with  dilute  sulphuric  acid  to  turn  green. 
Should  ether  be  present  it  would,  like  alcohol,  lower  the  sp.  gr. 
of  the  chloroform.  It  may,  moreover,  be  detected  by  dropping  a 
watery  solution  of  iodine  into  the  chloroform.  Should  the  drops 
remain  of  an  amethyst  colour  and  transparent,  the  chloroform  is 
pure,  but  should  the  drops  assume  a  dark  red  colour,  ether  is 
present.  Crystals  of  nitro-sodic  sulphide  of  iron  are  insoluble  in 
pure  chloroform,  but  dissolve  in  the  presence  of  ether  or  alcohol. 
Should  methyl  compounds  be  present  they  may  be  detected  by  the 
chloroform  becoming  dark  coloured  or  black  when  treated  with 
concentrated  sulphuric  acid,  or  by  a  black  oily  layer  forming 
when  the  chloroform  is  treated  with  chloride  of  zinc  (Kappeler). 
According  to  Roussin 2  pure  chloroform  shaken  with  di-nitro- 
sulphide  of  iron  remains  colourless;  but  if  it  contains  alcohol, 
ether,  or  wood  spirit,  it  acquires  a  dark  colour.  Kappeler,8 
referring  to  this  test,  also  states  that  the  reaction  is  not  only 
caused  by  the  presence  of  ethylic  alcohol  and  ether,  but  by  alde- 
hyde and  amylic  alcohol.  According  to  Roscoe  and  Schorlemmer 
pure  chloroform  does  not  attack  bright  metallic  sodium,  even  at 
the  boiling-point.  Should  the  metal  become  coated  with  a  white 
coating  of  chloride  the  presence  of  chlorine  compounds,  such  as 
dichlorethane  or  ethylene  dichloride,  may  be  presumed.  As  a 
corroborative  test  of  the  presence  of  these  impurities,  these 
authors  state  that  the  chloroform  when  heated  with  alcoholic 
potash  evolves  the  combustible  gas  ethylene.  In  one  of  the 
101  fatal  chloroform  administrations  collected  by  Kappeler,  allyl 
chloride  was  discovered  in  the  chloroform,  but  the  same  chloro- 
form had  been  used  without  bad  effects  in  other  cases.  In 

1  Kappeler,  op.  cit. 

-  Watts's  'Dictionary  of  Chemistry  1  :  'Chloroform.' 
3  Op.  cit. 
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another  of  these  cases  "higher  combinations  of  chlorine"  were 
found  in  the  chloroform.  But  in  nine  of  the  fatal  cases  in  which 
the  chloroform  used  was  examined  no  impurity  was  detected. 

Quite  recently  Professor  Pictet  has  introduced  a  method  of 
purifying  chloroform  by  crystallisation.  The  chloroform  is  first 
subjected  to  a  moderate  degree  of  cold,  in  order  to  remove  water 
and  other  easily  crystallisable  bodies.  Intense  cold  is  then 
applied  and  the  chloroform  crystallises,  leaving  a  mother-liquor 
which  is  stated  to  retain  any  impurities  that  may  have  been 
present.    The  crystallised  chloroform  is  then  allowed  to  liquefy.1 

Chloroform  should  always  be  kept  in  a  cool,  dark  place,  and  in 
accurately  stoppered  bottles.  As  it  is  now  an  established  fact 
that  exposure  to  light  and  air  is  liable  to  set  up  decomposition, 
chloroform  should  certainly  be  obtained  in  small  rather  than 
large  bottles,  in  order  to  lessen  the  chances  of  such  decomposition 
taking  place. 

D.  ETHYL  BROMIDE. 

Ethyl  bromide,  bromide  of  ethyl,  hydrobromic  or  bromhydric 
ether,  C2H5Br,  was  first  prepared  by  Serullas  in  1827.  It  is  a 
transparent,  colourless,  highly  volatile  liquid,  of  a  strong  sweetish 
ethereal  odour  and  pungent  taste.  It  has  a  sp.  gr.  of  1.4 189  at 
1 5°  C.  (Mendelejeff),  and  of  1.4733  a^  °°  C.  (Pierre).  Its  vapour 
density,  according  to  Marchand,  is  3.754.  It  boils  at  4o°.7  C, 
when  the  barometer  stands  at  757  mm.  (Pierre).  It  is  sparingly 
soluble  in  water,  but  mixes  in  all  proportions  with  alcohol  and 
ether.  It  burns,  when  ignited,  with  a  green  smokeless  flame, 
bromine  vapour  being  evolved.  When  exposed  for  some  timelto 
air  ethyl  bromide  decomposes  and  bromine  is  liberated. 

E.  ETHIDENE  DICHLORIDE. 

Ethilidene  chloride,  dichlorethane,  or,  as  it  is  more  commonly 
called,  ethidene  dichloride,  was  discovered  by  Regnault,  who, 
from  the  mode  of  its  preparation,  gave  it  the  name  of  monochlor- 
inated  chloride  of  ethyl.  Snow  was  the  first  to  use  ethidene 
dichloride  as  a  general  anaesthetic.2  It  has  a  chemical  formula 
of  C2H4C12,  that  is  to  say,  it  is  isomeric  with  ethylene  dichloride, 
or  Dutch  liquid.    Ethidene  dichloride  is  a  transparent  colourless 

1  See  Lancet,  December  19,  1891,  p.  1415,  and  Brit.'Mcd.  Journ.,  January 
23,  1892,  p.  209.  In  the  latter  journal,  Dr.  Bine"  du  Bois-Reymond  gives 
an  account  of  "  the  toxic  action  of  impure  chloroform." 

2  The  reader  is  referred  to  Snow's  interesting  article  on  '  Monochlorurretted 
Chloride  of  Ethyle.'    Op.  cit.,  p.  420. 
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liquid,  resembling  chloroform  in  taste  and  odour.  According  to 
Watts  its  sp.  gr.  is  1.189  at  4°.$  C.  (Geuther);  according  to 
Roscoe  and  Schorlemmer,  1.2044  at  0°  C.  (Thorpe).  The  boiling- 
point  of  the  purest  samples  has  been  found  to  be  60°  C.  (Beilstein 
and  Kramer),  four  degrees  lower  than  the  boiling-point  of  the 
substance  originally  prepared  and  studied  by  Regnault.  The 
vapour  density  of  ethilidene  chloride  is  49.54.1  It  is  dis- 
tinguished from  ethylene  dichloride  by  its  behaviour  with  cold 
alcoholic  potash,  which  decomposes  Dutch  liquid  but  has  little  or 
no  effect  upon  ethilidene  chloride.  It  is  soluble  in  alcohol  and 
ether,  but  is  insoluble  in  water. 

Clover  found2  that  the  ethidene  dichloride  supplied  for 
anaesthetic  purposes  had  not  a  uniform  boiling-point,  but  could 
be  divided,  by  fractional  distillation,  into  two  or  more  substances. 
That  which  he  used  had  a  sp.  gr.  of  '1225,'  and  a  boiling-point 
of  46°.  1,  the  temperature  rising  to  6o°,  attwhich  point  it  boiled 
steadily  till  it  was  nearly  all  dissipated. 

F.  AMYLENE.  PENTAL. 

Amylene,  C5H10,  was  discovered  by  Balard  in  1844,  and  first 
used  as  an  anaesthetic  by  Snow.  According  to  the  latter 
authority,  whose  views  have  since  been  endorsed  by  all  leading 
chemists,  amylene  is  not  a  very  definite  compound,  but  a  mixture 
of  several  isomeric  bodies.3 

Amylene  is  a  colourless,  thin,  and  very  volatile  liquid. 
Although  not  pungent  when  inhaled,  its  vapour  has  a  dis- 
agreeable odour,  somewhat  resembling  that  of  wood  spirit.  The 
liquid  is  almost  without  taste.  The  sp.  gr.  of  amylene  is  stated 
to  be  .66277  at  0°  C,  or  .6544  at  10°  C.  (Watts).4  The  sp.  gr. 
of  the  amylene  used  by  Snow  was  .659  at  56°  F.  The  boiling- 
point  of  amylene  differs  in  different  samples,  and  is  not  constant 
in  the  same  sample.  Balard  placed  it  at  390  C. ;  Frankland  at 
35°  C. ;  and  Kekule  at  42°  C.  The  vapour  of  amylene  is  in- 
flammable. 

At  about  the  time  of  Snow's  death,|  Duroy^  is  said 5  to  have 

1  For  further  information  see  '  Watts's  Dictionary  of  Chemistry,'  vol.  vii., 
2nd  Snpp.,  1875,  p.  490. 

2  Brit.  Med.  Journ.,  May  29,  1880,  p.  797. 

3  See  Roscoe  and  Schorlemmer,  vol.  iii.  pp.  240  and  283.  Also  Watts's 
'Dictionary  of  Chemistry,'  3rd  Supp.,  vol.  viii.  pt.  I,  1S79,  p.  79. 

4  See  Ann.  Ch.  Pharm.,  4th  Supp.,  143. 

6  See  Brit.  Journ.  Bent.  Science,  June  I,  1892,  in  which  an  abstract  of 
a  paper  on  '  Pental '  from  the  Vierteljahrsschrift  fur  Zahnkeilkundc  appears. 
The  paper  is  by  Dr.  Julius  Kossa  and  Herm.  Neumann  of  Budapest. 
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carefully  studied  the  boiling-point  of  amylene,  and  to  have  found 
that  it  varied  widely — from  300  C.  to  62°  C.  He  found,  more- 
over, that  pure  iso-amylene  had  a  constant  boiling-point  of  380 
C.  (according  to  other  observers,  35°).  The  name  'pental'  is 
applied  to  a  pure  form  of  amylene  introduced  into  commerce  by 
Mering,  and  now  used,  more  especially  by  dental  sm-geons,  in 
Germany.  1 
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CHAPTER  II. 

THE  GENERAL  CONDITION  OF  THE  PATIENT. 

A.  SEX  AND  AGE. 

Sex. — Sex  has  a  distinct,  though  probably  only  an  indirect, 
influence  upon  the  effects  produced  by  general  anaesthetics. 
Taken  as  a  class,  women  certainly  pass  very  easily  into  deep 
anaesthesia — a  fact  which  may  be  explained  by  their  physique 
being,  as  a  rule,  inferior  to  that  of  men  (vide  infra:  D.).  At 
the  extremes  of  life,  i.e.,  when  differences  in  muscular  develop- 
ment are  very  slight,  the  influence  of  sex  is .  barely  perceptible. 
Moreover,  men  with  feebly  developed  muscular  systems  take 
anaesthetics  very  much  in  the  same  manner  as  women.  Emotional 
disturbances  at  the  very  outset  of  or  after  the  administration  are, 
however,  commoner  in  women  than  in  men.1 

Ag"e. — The  age  of  the  patient  has  of  itself  no  special  influence 
in  modifying  the  effects  produced  by  anaesthetics.  It  is  rather 
the  presence,  at  different  periods  of  life,  of  different  physical  and 
other  conditions  which  must  be  considered.  The  use  of  chloroform, 
for  example,  for  patients  between  certain  ages  and  of  ether  for 
patients  at  other  periods  of  life  cannot  be  regarded  as  rational. 
The  selection  of  the  anaesthetic,  as  will  be  presently  shown,  must 
be  regulated  more  by  the  physical  condition  and  temperament 
of  the  patient,  and  the  nature  and  length  of  the  operation, 
than  by  age.  General  anaesthetics  may  be  given  to  patients 
of  all  ages.  Infants  but  a  few  hours  old  may  be  safely  anaes- 
thetised ;  and  anaesthetics  have  been  successfully  administered 
to  centenarians. 

The  upper  air-passages  of  infants  and  very  young  children  are 
so  sensitive  that  ether  often  causes  some  irritation  and  respiratory 
difficulty.  This  has  led  many  to  prefer  chloroform,  which  is 
certainly  inhaled  with  comparative  ease  by  children.  It  is  a 
mistake  to  suppose  that  children  are  not   as  susceptible  as 

1  See  p.  215.  Of  the  210  chloroform  fatalities  referred  to,  only  59  or  60 
occurred  iu  females. 
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adults  to  the  toxic  effects  of  chloroform,  and  that  with  them 
fatalities  are  practically  unknown.  It  is  true  that  children 
inhale  chloroform  freely,  and  that  they  are  not  as  prone  as  adults 
to  alterations  in  the  rhythm  of  breathing.  It  is  probable  also 
that  children  may  be  rescued  from  conditions  of  respiratory  and 
circulatory  depression  which  in  adults  would  be  attended  by  more 
immediate  risk  to  life.  But  children  are  occasionally  placed  in 
considerable  peril  by  chloroform,  and  more  fatalities  under  this 
anaesthetic  have  been  recorded  than  might  be  imagined.1 
Although  chloroform  is  apparently  better  borne  than  ether  by 
children,  it  nevertheless  possesses  certain  special  disadvantages 
in  these  subjects.  It  not  infrequently  induces  an  extremely 
tranquil  and  sleep-like  respiration  which  deprives  the  adminis- 
trator of  the  most  important  means  of  knowing  how  deeply  his 
little  patient  is  anaesthetised.  This  reason  is  alone  sufficient  to 
warrant  us  in  the  use  of  ether  in  some  form  or  another  for 
very  young  subjects.  When  ether  is  properly  and  carefully  given 
to  infants  they  take  it  far  better  than  is  generally  believed. 
A  Skinner's  mask  (Fig.  40),  or  some  similar  open  inhaler2 
should  be  used,  and  plenty  of  air  given  (see  Illustrative  Case, 
No.  10,  p.  174).  The  A.  C.  E.  mixture  answers  well  in  infants; 
and,  when  the  operation  is  likely  to  be  of  some  duration,  is  more 
appropriate  than  ether  itself.  For  children  of  two  or  three  years 
of  age  the  best  plan  is  to  commence  with  a  small  quantity  of  this 
mixture,  till  the  crying,  which  is  almost  inevitable,  has  nearly 
subsided,  and  then  to  proceed  with  ether  from  a  Clover's  Portable 
Regulating  Inhaler  (Fig.  28,  p.  139),  the  indicator  of  which  should 
be  placed  about  half-way  between  '  o  '  and  '1,'  If  a  little  care  be 
taken  not  to  give  too  strong  a  vapour  of  ether,  and  not  to  keep 
the  inhaler  applied  for  more  than  a  few  moments  at  a  time,  it 
will  be  found  that  respiration,  though  moist,  quickened,  and 
noisy,  will  not  become  nearly  so  embarrassed  as  when  these 
simple  precautions  are  not  observed.  Mucus  is  often  produced 
in  considerable  quantities;  but  this  need  cause  no  anxiety  to 
the  administrator.  Ether  inhalers  in  which  it  is  difficult  or 
impossible  to  regulate  the  strength  of  vapour  to  the  requirements 
of  the  case  are  not  so  suitable  for  anaesthetising  very  young 
children.     If  the  little  patient  be  a  trifle  older  (four  to  seven 

1  Comte,  who  has  collected  records  of  232  chloroform  fatalities,  found  that, 
of  this  number,  21  occurred  in  children. 

'J  Mr.  Woodhouse  Braine  administers  ether  to  children,  and  with  the  best 
results.  He  employs  small  cones  made  of  lint,  and  drops  the  ether  upon  the 
lint.  I  have  often  followed  this  practice,  and  believe  that,  when  care  is  taken, 
there  is  very  little  if  any  risk  of  bronchitis  supervening.  The  youngest  patient 
I  have  thus  anaesthetised  was  fourteen  days  old,  and  the  operation  was  circum- 
cision. 
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years),  and  sufficiently  tractable  and  intelligent  to  breathe  through 
a  face-piece,  the  best  plan  is  to  administer  a  small  quantity  of 
nitrous  oxide  and  to  change  the  nitrous  oxide  face-piece  for  that 
of  a  Clover's  or  Ormsby's  inhaler  previously  charged.  This  plan 
has  the  great  advantage  that  all  crying  and  struggling  are 
prevented — often  a  point  of  some  importance — for  if  the  adminis- 
trator can  coax  his  little  patient  to  take  but  three  or  four  breaths 
of  nitrous  oxide,  anaesthesia  will  immediately  ensue. 

Patients  advanced  in  years  often  take  anaesthetics  better  than 
middle-aged,  or  more  vigorous  subjects.  They  are  less  prone  to 
muscular  spasm  :  they  usually  require  smaller  quantities  of  the 
drug  employed  to  produce  desired  effects  :  and,  by  reason  of  the 
frequency  with  which  their  teeth  are  defective,  an  oral  air-way 
is  more  readily  available  for  respiratory  purposes.  Ether  may 
be  given  to  old  people  with  perfect  success  and  safety  if  the 
respiratory  functions  have  not  become  seriously  impaired  by 
senile  or  other  changes.  It  is  best,  as  a  rule,  to  precede  ether 
by  a  small  quantity  of  the  A.  C.  E.  mixture  (see  p.  256) ;  and  air- 
limitation  should  not  be  practised  too  freely.  Nitrous  oxide 
followed  by  ether  is  not  so  satisfactory  as  the  succession  of  anaes- 
thetics here  recommended.  It  must  be  remembered  that  ether 
produces  a  deeper  and  more  rapid  respiration  than  chloroform  cr 
its  mixtures,  and  it  sometimes  happens,  when  etherising  old  people, 
that  the  respiratory  apparatus  finds  some  difficulty  in  meeting 
the  demands  made  upon  it.  When  the  respiration,  by  reason  of 
degenerative  changes  within  the  lungs  and  chest  walls,  has  be- 
come more  abdominal  than  thoracic ;  when  much  emphysema  or 
chronic  bronchitis  is  present;  or  when  there  is  considerable 
obesity,  with  shortness  of  breath  and  indications  of  rather  defec- 
tive blood  oxygenation ;  ether  may  cause  difficulties  in  breathing. 
In  these  cases  the  A.  C.  E.  mixture  is  a  most  valuable  anaesthetic, 
and  is  very  satisfactorily  borne  by  aged  subjects  who  do  not  take 
ether  comfortably.  A  few  cases,  however,  will  be  met  with  in 
which  chloroform  should  be  given  in  order  to  secure  tranquil 
anaesthesia.  Nitrous  oxide  may  be  administered  to  very  elders- 
people,  but  care  must  be  exercised.  The  gas  should  not  be 
pushed  quite  as  far  as  in  younger  subjects,  otherwise,  when  the 
inhaler  is  removed,  respiration  may  not  recover  itself  as  quickly 
as  is  desirable.1  The  use  of  oxygen  with  nitrous  oxide  is 
specially  indicated  in  senile  subjects  (see  p.  69). 

1  Mr.  Braine  and  Mr.  Bailey  have  given  nitrous  oxide  [to  patients  over  90 
years  of  age. 
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B.  TEMPERAMENT. 

Patients  of  a  placid  and  equable  temperament  are,  as  a  rule, 
somewhat  easier  to  anaesthetise  than  excitable,  highly-strung, 
and  neurotic  persons.  Nitrous  oxide  is  an  excellent  anaesthetic 
for  patients  of  the  latter  class,  for  by  its  means  excitement — at 
all  events  during  the  administration — may  be  abolished.  When 
longer  anaesthesia  is  required,  nitrous  oxide  may  be  followed  by 
ether  with  the  best  results.  Keflex  actions  are,  for  the  most 
part,  more  marked  and  more  difficult  to  subdue  in  neurotic 
and  hysterical  persons  than  in  those  of  a  non-excitable  tempera- 
ment. Muscular  rigidity  is  sometimes  a  troublesome  pheno- 
menon in  the  former  subjects ;  and,  when  very  sensitive  parts  are 
being  operated  upon  or  manipulated,  there  is  often  a  tendency, 
even  during  deep  anaesthesia,  for  slight  movement  or  other  reflex 
effect  to  manifest  itself.  Screaming,  sobbing,  and  other  emotional 
disturbances,  during  recovery  from  the  effects  of  the  anaesthetic, 
are  much  more  common  in  hysterical  and  nervous  persons  than 
in  those  of  an  opposite  temperament. 

C.  HABITS  OF  LIFE, 

Those  whose  nervous  systems  have  become  undermined  by  alco- 
holic indulgence,  the  morphia  habit,  the  excessive  use  of  tobacco, 
chloral,  or  other  narcotics,  will  often  be  found  to  require  very 
considerable  quantities  of  the  anaesthetic  before  complete  relaxa- 
tion occurs.  I  have  had,  for  example,  to  administer  ounces 
of  chloroform,  in  1^  hours,  to  an  alcoholic  man  of  fifty-six.  It 
is  occasionally  difficult,  if  not  impossible,  to  secure  total  muscular 
relaxation  in  certain  patients  of  this  class,  and  reflex  movements 
during  operations  upon  sensitive  parts  may  obstinately  persist, 
even  though  dangerously  large  quantities  of  the  anaesthetic  be 
administered.  In  confirmed  alcoholics  the  stage  of  muscular 
excitement  is  usually  prolonged,  and,  at  all  events  with  chloro- 
form, there  is  need  for  caution  during  the  rigidity  and  irregular 
respiration  (see  p.  203).  Dr.  Sheppard  states  in  his  notes1  that 
recovery  from  anaesthesia  is  often  abrupt  in  alcoholic  patients, 
which  is  quite  in  accordance  with  what  I  have  observed.  Past 
alcoholic  indulgence  may,  after  months  or  years,  show  itself  in 
the  behaviour  of  the  patient  under  the  anaesthetic.  The  excessive 
use  of  tobacco  may  lead  to  an  irritable  condition  of  the  pharynx 
and  larynx,  and  to  troublesome  coughing  during  administration. 


See  Preface. 
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Patients  should  not  be  allowed  to  smoke  immediately  before 
an  anaesthetic  is  given. 

Persons  who  have  frequently  taken  anaesthetics  become  less 
and  less  susceptible  to  their  influence  as  time  goes  on,  and 
require  much  larger  doses,  so  to  speak,  than  were  at  one  time 
necessary.  I  have  given  gas-and-ether,  chloroform,  and  nitrous 
oxide  (on  different  occasions)  to  a  patient  who  had  been  anaesthe- 
tised between  thirty  and  forty  times  before,  and  on  each  occasion 
I  had  to  press  the  anaesthetic  to  a  much  further  extent  than  is 
usual,  in  order  to  obtain  tranquillity  during  operation. 

High  living,  more  especially  if  associated  with  want  of  exercise, 
leads  to  obesity,  plethora,  and  other  conditions,  which,  as  will  be 
presently  shown,  are  capable  of  materially  modifying  the  effects 
of  anaesthetics  (see  p.  20). 

D.  GENERAL  PHYSIQUE. 

The  phenomena  which  attend  the  administration  of  an  anaes- 
thetic will  be  found  to  depend,  to  a  very  considerable  extent,  upon 
the  general  physique  of  the  patient.  Experience  enables  us  to 
pi'edict,  from  the  appearance  presented  by  the  patient,  the  manner 
in  which  the  anaesthetic  will  be  taken.  Patients  who  belong  to 
the  same  type  usually  exhibit  very  similar  phenomena  during  the 
induction  and  maintenance  of  anaesthesia,  always  provided  that  the 
circumstances  (such  as  the  anaesthetic  employed,  the  nature  of  the 
operation,  the  time  after  food,  &c.)  are  the  same.  Moreover, 
persons  of  one  type  will  behave  very  differently  from  those  of 
another  type,  the  circumstances  as  before  remaining  the  same. 
It  is  a  remarkable  fact  that  the  patient  whose  health  has 
become  somewhat  impaired  by  disease  is  a  better  subject  for 
an  anaesthetic  than  the  patient  of  healthy  appearance  and  good 
general  physique.  For  reasons  to  be  subsequently  discussed, 
this  observation  applies  more  particularly  to  chloroform.  The 
healthy,  vigorous,  and  stalwart  adult  is  by  no  means  always 
the  best  subject  for  an  anaesthetic.  It  is  true  that  his  respira- 
tion and  circulation  will  hold  out  longer  under  any  strain 
imposed  upon  them  than  the  respiration  and  circulation  of  a 
feebler  person ;  and  in  this  he  is,  of  course,  at  an  advantage. 
But  he  does  not  pass  so  easily  into  anaesthesia  as  a  weaker  and 
more  fragile  patient.  This  would  seem  to  be  principally  due 
to  the  stage  of  excitement  being  more  marked,  and  to  muscular 
spasm,  interfering  with  respiration,  being  more  pronounced  than 
in  feeble  subjects.  The  amount  of  anaesthetic  needed  to  produce 
sleep  will  be  found  to  vary  very  considerably  with  the  general 
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physique  of  the  patient.  For  example,  a  man  of  six  feet  in 
robust  health  may  require  from  eight  to  ten  gallons,  or  possibly 
more,  of  nitrous  oxide,  before  he  is  completely  anaesthetised  ; 
whereas  an  ill-nourished  young  woman  of  short  stature  may 
exhibit  all  the  signs  of  complete  anaesthesia  from  this  gas  after 
inhaling  from  two  to  three  gallons.  Emaciated  children  require 
remarkably  small  doses  of  an  anaesthetic.  Should  the  patient 
possess  a  thick  beard  or  moustache  some  delay  may  arise,  when 
employing  nitrous  oxide  or  ether,  by  reason  of  the  difficulty  of  pre- 
venting air  from  gaining  admission  by  the  sides  of  the  face-piece. 

Patients  who  are  the  subjects  of  extreme  obesity  usually 
exhibit  phenomena  differing  somewhat  from  those  met  with  in 
thin  and  spare  individuals.  As  a  general  rule  they  are  intolerant 
of  any  anaesthetic  which,  by  reason  of  the  method  of  administra- 
tion employed,  limits  the  supply  of  air  to  any  considerable 
extent.  The  A.  C.  E.  mixture  and  chloroform  are  therefore 
usually  better  borne  by  such  subjects  than  nitrous  oxide  or 
ether ;  although  if  care  be  taken  the  last-named  ana?sthetic  may 
often  be  used  with  success.  It  is  advisable  to  avoid,  as  much 
as  possible,  all  hindrance  to  free  respiration  during  the  use  of 
anaesthetics  in  these  subjects. 

Patients  with  a  florid  colour,  as  well  as  those  who  are  distinctly 
plethoric,  require  more  of  an  anaesthetic  than  anaemic  and  sallow 
persons.  For  reasons  which  I  have  elsewhere  1  given  in  detail, 
respiration  is  more  likely  to  become  hampered  in  full-blooded 
patients  than  in  those  of  an  opposite  type.  It  is  sufficient 
to  say,  in  the  present  place,  that  the  parts  constituting  the 
boundaries  of  the  upper  air-passages  may,  in  vascular  subjects, 
become  so  engorged  as  to  lessen  the  capacity  of  those  passages. 
This  vascular  turgescence  and  consequent  swelling  is  most  pro- 
nounced under  nitrous  oxide  or  ether,  but  may  also  be  observed 
under  other  anaesthetics,  and  appears  to  be  often  partly  dependent 
upon  the  degree  to  which  air-limitation  is  allowed  to  occur  during 
the  administration.  The  tongue  of  a  plethoric,  short-necked 
patient  under  nitrous  oxide  may,  for  example,  become  noticeably 
increased  in  size.  The  so-called  '  falling  back  of  the  tongue ' 
is  often  partly  or  wholly  the  outcome  of  an  increased  size  of 
that  organ.  Mucus  and  saliva  are  usually  freely  secreted  during 
the  administration  of  ether  to  young  patients,  more  especially 
young  women  of  good  colour.  When  the  face  of  the  patient 
is  very  florid  it  will  rapidly  become  dusky  or  cyanosed,  should 
the  air-supply  be  purposely  or  accidentally  restricted.  Thus, 

1  See  '  Clinical  Observations  upon  Respiration  during  Anaesthesia  ;  with 
Special  Reference  to  the  Causes  of  Embarrassed  and  Obstructed  Breathing ' 
(Trans.  Roy.  Med.  Chi.  Soc,  vol.  Ixxiv.  1891,  p.  107). 
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under  nitrous  oxide  or  ether,  red-faced  patients  assume  an 
appearance  which  to  the  onlooker  might  cause  alarm ;  moderate 
duskiness  of  the  features  is  not  of  itself  indicative  of  any  un- 
toward condition  in  such  cases.  As  a  general  rule,  florid  vascular 
subjects  should  be  kept  deeply  anaesthetised  ;  for  if  only  moderate 
anaesthesia  be  secured,  inconvenient  reflex  actions  will  be  found 
liable  to  result. 

Anaemic  patients  take  anaesthetics  very  well,  small  quantities 
being  required  to  secure  tranquil  anaesthesia.  It  would  seem 
that  in  these  subjects  there  is  not  that  need  for  maintaining  very 
deep  narcosis  which  undoubtedly  exists  in  the  case  of  florid  and 
healthier  persons.  Should  any  indications  of  restlessness  or 
spasm  arise,  a  very  little  more  of  the  anaesthetic  will  subdue 
them.  The  small  quantity  of  the  anaesthetic  required  usually 
allows  of  a  speedy  return  to  consciousness — a  fact  well  exem- 
plified in  the  case  of  nitrous  oxide.  With  this  gas  the  available 
anaesthesia  (i.e.,  the  anaesthesia  which  remains  after  the  removal 
of  the  face-piece)  is  of  very  short  duration  in  anaemic  patients. 
Air-limitation  should  be  practised  as  little  as  possible  with  these 
subjects,  for  they  are  intolerant  of  any  asphyxial  state.  Nitrous 
oxide  mixed  with  oxygen  is  hence  a  better  anaesthetic  than  the 
former  gas  alone.  In  cachectic  and  very  feeble  persons  under- 
going rather  formidable  operations  it  is  usually  best  to  secure 
a  fairly  deep  anaesthesia  for  the  commencement  of  the  operation, 
and  then  to  allow  the  patient  to  pass  into  a  condition  of  light 
anaesthesia  for  the  remainder  of  the  time  (see '  Illust.  Case, 
No.  34,  p.  316). 

Certain  phenomena  during  the  use  of  anaesthetics  will  be 
found  to  be  dependent  upon  the  manner  in  which  the  teeth  of 
the  lower  jaw  engage  those  of  the  upper.  The  patient  whose 
upper  and  lower  teeth  meet  accurately,  will  be  liable  to  exhibit 
a  greater  tendency  to  hampered  breathing  than  the  patient 
whose  teeth  are  more  or  less  defective.  Moreover,  should  the 
upper  and  lower  teeth  engage  one  another  in  such  a  manner  as 
to  render  it  difficult  to  move  the  lower  jaw  upon  the  upper, 
greater  embarrassment  in  breathing  will  be  likely  to  arise  than 
under  other  circumstances  (see  p.  290).  Should  the  patient  be 
wholly  edentulous  it  may  be  necessary  to  keep  the  gums  and 
lips  apart,  in  order  to  maintain  respiration.  Fixity  or  lessened 
mobility  of  the  lower  jaw,  from  disease  of  its  articulations 
(see  Illust.  Case,  No.  31,  p.  295),  local  inflammatory  conditions, 
or  from  the  presence  in  the  sub-maxillary  or  cervical  regions 
of  glandular  or  other  tumours  (see  Illust.  Case,  No.  28,  p.  293), 
may  also  give  rise  to  difficulties  in  breathing.  The  nature  and 
causes  of  the  difficulties  will  be  fully  considered  later  on. 
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E.  THE  CONDITION  OF  THE  RESPIRATION. 

The  manner  in  which  respiration  takes  place  prior  to  the  use 
of  an  anaesthetic  will  influence  the  phenomena  of  the  administra- 
tion. It  must  be  remembered  that,  when  consciousness  has  been 
destroyed,  any  pre-existing  tendency  to  embarrassed  breathing  is 
likely  to  become  increased.  "When  any  such  tendency  is  present 
it  is,  therefore,  well  to  ascertain  its  nature  and  degree. 

The  State  of  the  Upper  Air-passages. — A  few  words 

may  be  said  concerning  the  state  of  the  upper  air-passages.  If 
the  nasal  air-way  be  free,  breathing  will  usually  take  place  eithei 
partly  or  wholly  through  it  during  anaesthetic  sleep.  If  it  be 
more  or  less  obstructed  the  anaesthetist  may  be  obliged  to  keep 
open  an  oral  air-way  by  the  use  of  some  form  of  mouth-prop  (Fig. 
3,  p.  82).  Partial  nasal  obstruction  will  tend  to  become  complete. 
Even  though  the  nasal  passages  be  free  some  patients  do  not 
breathe  through  them  when  deeply  anaesthetised,  from  which  it 
follows  that  the  state  of  the  teeth  becomes  of  interest,  if  not  of 
importance.  If  no  teeth  have  been  lost,  oral  breathing  will,  during 
the  masseteric  spasm  of  incipient  anaesthesia,  become  obstructed. 
The  preliminary  insertion  of  a  little  mouth-gag  between  the  teeth 
of  those  patients  whose  breathing  is  likely  to  become  thus  ob- 
structed will  serve  to  avoid  difficulties.  Temporary  hindrances 
to  hreathing  from  the  causes  here  indicated  are  most  liable  to 
arise  in  vigorous  young  subjects. 

Morbid  growths  of  the  tongue,  soft  palate,  tonsils,  pharynx, 
epiglottis,  and  adjacent  parts  may,  from  vascular  turgescence  or 
alteration  in  position,  interfere  with  free  respiration  during 
anaesthesia.  Any  deprivation  of  oxygen  is  especially  liable  to  lead 
to  this  increase  in  size.  Patients  with  enlarged  tonsils  will  be 
found,  for  example,  to  take  nitrous  oxide  with  oxygen  (seep.  119) 
far  better  than  nitrous  oxide  administered  in  the  ordinary  manner, 
i.e.,  without  any  oxygen.  With  the  foimer  method  respiration 
at  most  becomes  snoring;  whereas,  when  nitrous  oxide  free  frcm 
oxygen  is  fully  administered  to  a  patient  with  very  large  tonsils, 
embarrassed  and  obstructed  respiration  (usually  only  temporaiy) 
will  result.1  Glandular,  lipomatous,  and  other  tumours  of  the 
neck,  including  thyroid  growths,  may,  during  vascular  engorge- 
ment, seriously  lessen  the  capacity  of  the  air-way  and  thus  favour 
obstructed  breathing.2    Should  the  patient  whose  air-way  has 

\  Mr.  Bailey  (Brit.  Med.  Journ.,  March  29,  1884,  p.  645)  riftrs  to  a  case  of 
carcinoma  of  the  tonsils  in  which  respiration  censed  (probably  in  the  manner 
suggested  in  the  text).    Tracheotomy  tecame  necessary. 

-  See  a  case,  Lancet,  September  1,  1888,  p.  442,  and  Brit.  Med.  Journ., 
September  15,  iS88.p.  625.   AlVo  Brit.  M<d.  Journ.,  Cctiber  zg,  1892,  p.  964. 
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become  narrowed  suffer  from  even  occasional  or  slight  difficulty 
in  breathing,  the  advisability  of  preliminary  tracheotomy  should 
be  discussed. 

When  dyspnoea  from  laryngeal  disease,  narrowing  of  the 
trachea,  or  similar  conditions,  is  present  great  care  must  be 
exercised.  When  the  dyspnoea  is  considerable,  the  patient  some- 
what cyanosed  and  unable  to  lie  down,  and  sleep  is  hardly  possible, 
the  risks  of  giving  a  general  anaesthetic  are  great.1  Extraordinary 
muscles  of  respiration  are  brought  into  play,  and  when  these 
muscles  are  thrown  out  of  action  during  unconsciousness,  and  the 
respiration  is  left  to  the  care  of  a  mechanism  which  is  only  efficient 
under  normal  or  slightly  abnormal  conditions,  failure  of  breathing 
is  liable  to  arise.  Cases  of  enlarged  thyroid,  thoracic  aneurysm, 
and  diphtheritic  inflammation  of  the  lai-ynx  come  under  this  head, 
and  are  deserving  of  very  careful  consideration  before  the  risks  of 
inducing  artificial  sleep  are  encountered.  The  question  as  to  the 
desirability  of  giving  an  anaesthetic  to  such  patients  would  neces- 
sarily be  much  influenced  by  the  possibility  of  performing  trache- 
otomy should  respiratory  difficulties  arise.  Should  the  affection 
causing  the  dyspnoea  be  situated  so  far  down  the  trachea  that  this 
measure  could  not  be  resorted  to,  the  risks  of  anaesthesia  become 
very  considerable.2  In  patients  suffering  from  dyspnoea  due  to 
an  enlarged  thyroid  gland,  as  indeed  in  all  patients  suffering  from 
dyspnoea  due  to  a  much  constricted  air-way,  chloroform  or  the  A. 
0.  E.  mixture  is  to  be  preferred  to  ether.  Shoidd  the  dyspnoea  be 
due  to  nerve-irritation  it  will  diminish  during  deep  anaesthesia,  and 
as  in  the  case  reported  on  p.  239  (Illust.  Case,  No.  14),  no  special 
trouble  will  be  experienced.  But  should  the  difficult  breathing  be 
due  to  local  pressure,  this  improvement  in  symptoms  is  not  to  be 
looked  for,  and  tracheotomy,  if  possible,  may  become  necessary. 

Bronchial,  Pulmonary,  and  Pleural  Diseases.— Should 

the  affection  be  but  slight,  and  of  a  chronic  character,  ether  may, 
in  most  cases,  be  advantageously  chosen.  Ether  is  often  said  to 
be  wholly  contra-indicated  in  these  cases  ;  but  if  given  cautiously, 
slowly,  and  with  a  proper  supply  of  air,  it  answers  well.  The  re- 
spiratory difficulties  which  sometimes  attend  the  use  of  ether  in 
patients  suffering  from  pleural  or  pulmonary  affections  are  fre- 
quently more  apparent  than  real.  This  anaesthetic,  indeed,  by 
maintaining  a  rather  exaggerated  form  of  breathing  and  a  some- 
what excited  circulation,  is  particularly  suitable  for  many  cases 
which  at  first  sight  might  seem  to  contra-indicate  its  employment 

1  Mr.  Jacobson  ('The  Operations  of  Surgery,'  1st  edition,  p.  382)  holds 
this  view. 

2  See  a  case  which  I  reported  in  the  Practitioner,  vol.  xxxix.  1887,  p.  IOI  ; 
see  also  Brit.  Med.  Journ.,  February  24,  18S3,  p.  351. 
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(see  Illust.  Case,  No.  8,  p.  174).  Should  ether  be  badly  borne, 
the  A.  C.  E.  mixture  or  chloroform  should  be  substituted.  So 
far  as  the  use  of  anesthetics  is  concerned,  old-standing  lung  or 
pleural  affections  are  of  less  importance  than  those  more  recently 
acquired.  In  the  former  the  respiratory  mechanism  has,  by  con- 
stant use,  become  adapted  to  circumstances;  whilst  in  the  latter 
such  adaptation  is  in  process  of  establishment.  Patients  with 
chronic  bronchitis,  marked  emphysema,  chronic  phthisis,  old 
pleural  disease,  and  similar  conditions  Jience  take  anaesthetics 
well  when  care  is  exercised.  It  is  not  uncommon  for  ether  to 
cause,  in  asthmatic  subjects  and  in  those  who  are  suffering  from 
the  affections  now  under  consideration,  a  peculiar  form  of  re- 
spiration characterised  by  prolonged  expiratory  efforts  and  by  a 
variable  degree  of  cyanosis.  Should  such  symptoms  arise  during 
etherisation  they  may  be  very  quickly  relieved  by  changing  to 
the  A.  C.  E.  mixture  or  chloroform.  Nitrous  oxide  may  be 
safely  used  in  persons  with  chronic  lung  affections,  but  should 
not  be  pushed,  perhaps,  quite  as  far  as  in  healthier  subjects. 
When  mixed  with  oxygen  the  anaesthesia  is  of  a  more  satisfactory 
nature  than  when  the  gas  alone  is  given.  Should  the  bronchial, 
pulmonary,  or  pleural  affection  under  which  the  patient  is 
labouring  be  of  recent  origin  and  of  sufficient  intensity  to  cause 
distress  in  breathing,  much  caution  must  be  exercised  and  a  deep 
anaesthesia  avoided.  It  is  hardly  necessary  to  point  out  that  the 
greater  the  embarrassment  to  respiration  before  the  administra- 
tion, the  more  careful  should  the  administrator  be  to  allow  of  a 
copious  supply  of  air  and  prevent  all  conditions  likely  to  impede 
breathing  during  the  use  of  the  anaesthetic.  The  most  difficult 
cases  to  manage  are  those  in  which  respiratory  embarrassment 
from  recent  pleurisy  or  pleuro-pneumonia  co-exists  with  impaired 
cardiac  action.  When  the  patient  is  slightly  dusky,  his  tempera- 
ture elevated,  his  breathing  quick,  and  his  pulse  accelerated  and 
sharp  under  the  finger,  the  use  of  an  anesthetic  is  attended  by 
considerable  risk.  This  risk  is  greater  in  patients  with  previously 
fatty  and  dilated  hearts  than  in  others.  Numerous  deaths  have 
in  fact  occurred  in  such  subjects  from  syncope  during  or  im- 
mediately after  transient  struggling.1 

Wholly  Thoracic  or  wholly  Abdominal  Respiration- 
There  are  various  conditions  which  may  give  rise  to  wholly  thoracic 
or  wholly  abdominal  respiration.  The  former  is  most  frequently 
met  with  as  the  result  of  peritonitis,  or  of  extreme  abdominal 

1  A  typical  example  will  be  found  in  the  Brit.  Med.  Journ.,  I.  1881,  p. 
385.  Ethidene  dichloride  was  being  used  ;  the  fatal  syncope  took  place 
when  the  patient  was  turned  on  to  his  sound  side.  At  the  post-mortem  the 
right  heart  was  full  and  the  left  empty. 
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distension  from  intestinal  obstruction,  ascites,  ovarian  disease, 
&c.  The  latter  is  most  commonly  due  to  advanced  emphysema 
or  other  affections  of  the  lungs  or  pleurae.  Should  the  breathing 
be  wholly  thoracic  or  abdominal,  the  administrator  will,  of 
course,  meet  with  more  exaggerated  respiratory  movement  than 
usual.  If  a  patient  should,  from  some  acute  condition,  be 
obliged  to  use  his  thorax  or  abdomen  only,  and  if  the  new  form 
of  respiration  should  be  somewhat  difficult  for  him  to  acquire  by 
reason  of  pre-existing  conditions,  such  as  emphysema  or  obesity, 
anaesthetics  must  be  used  with  caution.  Should  the  abdomen  be 
greatly  distended  from  ascitic  fluid,  a  light  anaesthesia  only  is 
necessary  during  its  removal  (see  Illust.  Case,  No.  17,  p.  247), 
and  the  administrator  will  find  that  both  respiration  and  circula- 
tion will  markedly  improve  as  the  fluid  is  evacuated  and  the 
lungs  become  able  to  expand  more  freely. 

F.  THE  CONDITION  OF  THE  ^CIRCULATION. 

The  circulation  of  the  patient  may  be  of  the  most  efficient 
type ;  or  it  may  be  so  feeble  as  to  render  it  questionable  whether 
any  operation  should  be  performed.  The  pulse  may  be  so  rapid 
that  it  can  hardly  be  counted ;  or,  on  the  other  hand,  it  may  be 
abnormally  slow.  When  mental  emotion  is  the  cause  of  the 
quickening,  a  considerable  slowing  will  invariabby  occur  during 
anaesthesia ;  but  when  the  rapid  pulse  is  due  to  shock,  exhaustion , 
&c,  an  increase  in  rate  will  usually  be  found  to  occur  (see 
Illustrative  Case,  No.  34,  p.  316).  I  once  gave  an  anaesthetic  to 
a  patient,  an  elderly  gentleman,  whose  pulse  was  usually  28  to 
30  per  minute.1  A  very  slow  pulse  is  often  met  with  in  patients 
suffering  from  cerebral  disease.  Patients  whose  heart's  action  is 
good  and  whose  pulse  is  full  and  strong,  will  be  better  able  to 
withstand  any  unwonted  cardiac  strain  (as,  for  example,  that 
incidental  to  any  embarrassment  of  respiration)  than  patients  of 
less  vigorous  circulation  (see  Illustrative  Case,  No.  31,  p.  295). 

Valvular  and  other  Cardiac  Affections. — Patients  with 

these  affections  may  be  anaesthetised  with  safety  if  care  be  taken 
to  select  the  anaesthetic  most  appropriate  to  the  case,  and  to 
administer  it  in  such  a  manner  that  no  undue  strain  is  thrown 
upon  the  heart.  Where  the  cardiac  affection  is  but  slight,  and, 
by  reason  of  compensatory  changes,  the  general  circulation  is 
good,  little  or  no  alteration  need  be  made  in  the  anaesthetist's 
usual  practice. 

There  are  one  or  two  points,  however,  which  should  be  borne 
I1  This  case  is'referred  Won  p.  161. 
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in  mind  in  dealing  with  advanced  cases.  Unless  orthopncea 
exists,  the  recumbent,  or  semi- recumbent  position  should  be 
enforced;  no  marked. or  prolonged  deprivation  of  oxygen  should 
be  permitted ;  and  any  interference  with  respiratory  rhythm 
should  be  prevented.  The  anaesthesia  of  nitrous  oxide  followed 
by  ether,  for  reasons  to  be  subsequently  described  (see  p.  70), 
is  not  to  be  recommended  in  these  cases.  All  methods  of  ad- 
ministration should  be  gradually  conducted,  and  the  behaviour 
of  the  circulation  narrowly  observed.  Speaking  generally,  the 
A.  C.  E.  mixture  is  an  excellent  anaesthetic  for  patients  with 
advanced  morbus  cordis  (see  Illustrative  Cases,  Nos.  19,  20, 
21,  and  22,  pp.  248  and  249).  It  may  be  administered  in  all 
forms  of  valvular  disease,  and  is  remarkably  well  borne.  Ether 
(preceded  by  a  small  quantity  of  the  A.  C.  E.  mixture  to  prevent 
its  disagreeable  odour)  may  be  used  in  cases  in  which  there  is 
no  evidence  of  great  pulmonary  or  systemic  engorgement.  It 
would  also  appear  to  be  desirable  to  employ  ether,  or,  at  all 
events,  to  attempt  its  exhibition  in  those  cases  in  which  orthopncea 
is  present.  Such  patients,  fortunately,  rarely  require  anaesthetics  ; 
but,  owing  to  the  position  which  they  are  bound  to  assume,  chloro- 
form and  its  mixtures  should  be  avoided  if  possible  (see  Illus- 
trative Case,  No.  9,  p.  174).  By  the  gradual  administration  of 
the  A.  C.  E.  mixture  to  a  patient  with  an  intermittent  or  irregular 
pulse,  the  heart's  action  always  becomes  steadier,  and  remains  so 
for  a  considerable  time.  The  anaesthetist  must  not,  however, 
shut  his  eyes  to  the  fact  that  after  the  withdrawal  of  the  anaes- 
thetic, or  during  a  serious  operation,  this  improvement  may,  and 
often  does,  become  replaced  by  irregularity  and  feebleness  in 
excess  of  the  original  condition. 

Atheroma. — In  extremely  atheromatous  subjects  there  is  a 
slight  risk 1  of  cerebral  haemorrhage  during  anaesthesia.  This 
risk  may,  however,  be  minimised  by  selecting  the  A.  C.  E. 
mixture  or  chloroform  in  preference  to  ether;  and  by  avoiding, 
as  far  as  possible,  excitement,  holding  of  breath,  coughing,  and 
struggling  during  the  [administration.  In  order  to  do  this  the 
anaesthetist  must  proceed  very  gradually  with  the  inhalation, 
and  by  a  little  management  he  will  usually  succeed  in  getting 
a  patient  of  this  type  to  pass  into  a  state  of  quiet  anaesthesia 
with  little  or  no  trouble.  Should  arterial  degeneration  have 
led  to  the  formation  of  an  aneurysm  the  same  caution  as  to 
the  avoidance  of  struggling,  straining,  coughing,  &c,  should 
be  exercised.     It  is  true  that  ether  has  very  frequently  been 

1  See  a  case  which  occurred  in  the  practice  of  Dr.  Fuller  of  Montreal, 
reported  in  Canadian  Med.  and  Surg.  Journ.,  March  1S8S,  p.  309,  and  referred 
to  in  Dr.  Turnbull's  3rd  edition  of  '  Artificial  Anaesthesia,'  p.  252. 
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given  to  patients  with  large  aneurysms  without  rupture  having 
occurred,  either  during  the  induction  of  anaesthesia  or  during 
complete  narcosis ;  but  when  there  is  any  evidence  of  rapid 
increase  in  size,  and  more  particularly  when  the  aneurysm  is 
intra-thoracic,  the  A.  C.  E.  mixture  or  chloroform  should  be 
used  in  preference  to  ether. 

Exhaustion.  Collapse.— One  is  often  called  upon,  more 
particularly  in  hospital  practice,  to  anaesthetise  patients  whose 
circulation  has  become  much  enfeebled,  either  from  some  long- 
standing disease,  or  from  some  recently  acquired  but  prostrating 
malady.  As  illustrations  may  be  mentioned : — cases  of  hip  disease 
and  hectic  in  children,  cases  of  stricture  of  the  pylorus  necessi- 
tating gastrostomy,  cases  of  strangulated  hernia,  and  cases  of 
collapse  from  railway  or  other  injuries.  Such  patients  are  very 
susceptible  to  anaesthetics,  small  quantities  only  being  necessary 
to  induce  and  maintain  anaesthesia.  As  a  general  rule,  the  pulse 
of  the  exhausted  patient  improves  in  volume  when  anaesthesia 
is  established ;  but,  directly  the  anaesthetic  is  withdrawn,  some 
depression  of  the  circulation  may  follow.  Moreover,  this  initial 
improvement  does  not,  as  a  rule,  last  long;  and  any  loss  of 
blood,  prolonged  exposure,  or  severe  surgical  procedure  will  soon 
give  rise  to  signs  of  circulatory  depression.  Should  the  pulse 
be  quick  beforehand  it  will  usually  become  more  rapid  during 
the  administration.  The  administrator  must  do  all  in  his  power 
to  ^sustain  the  strength  of  these  patients.  Should  the  heart's 
action  be  very  feeble,  no  method  of  administration  should  be 
employed  by  which  the  supply  of  air  is  greatly  restricted,  and 
all  mechanical  or  other  hindrances  to  free  respiration  must  be 
avoided.  Ether  is,  as  a  rule,  best  administered  by  the  open 
method  and  in  small  quantities  at  a  time.  Should  a  close 
inhaler  be  used,  care  must  be  taken  to  remove  it  frequently 
for  the  admission  of  air.  The  administration  of  nitrous  oxide  is 
best  avoided  in  these  cases.  Patients  who  are  much  exhausted 
before  the  operation  visually  exhibit  a  peculiar  condition  of  the 
eyelids  soon  after  anaesthesia  has  become  established.  The  lids 
lose  their  tone  and  do  not  close,  so  that  the  sclerotic  becomes 
visible.  When  this  condition  is  seen  it  usually  indicates  great 
prostration  of  the  vital  powers ;  but  it  may  arise  from  too  large 
a  quantity  of  the  anaesthetic  having  been  given,  or  possibly  from 
other  causes.  Profuse  sweating  is  also  common  in  these  subjects, 
and  is  another  indication  of  exhaustion.  The  administrator 
must  be  on  his  guard  with  reference  to  the  rosy  cheeks  of  hectic 
subjects  and  of  those  artificially  stimulated  by  alcohol.  This 
florid  colour  may  co-exist  with  a  circulation  totally  unable  to 
withstand  any  very  prolonged  surgical  interference.  Patients 
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suffering  from  intestinal  obstruction  are,  perhaps,  appropriately 
considered  under  this  heading,  seeing  that,  in  extreme  cases, 
syncope  of  the  worst  type  has  been  known  to  arise  during 
anaesthesia.  The  abdomen  is  usually  distended,  and  the  dia- 
phragm unable  to  act  efficiently ;  the  stomach  frequently  con- 
tains fluid  or  semi-fluid  material ;  the  patient  will  be  found  to 
be,  in  many  instances,  partly  under  the  influence  of  an  opiate ; 
and  the  circulation,  though  often  artificially  stimulated  by  alcohol, 
may  be  in  reality  utterly  unable  to  withstand  any  severe  strain. 
When  the  abdomen  is  distended  and  inactive,  the  pulse  quick 
and  feeble,  the  extremities  clammy  and  dusky,  the  features 
pinched  and  the  lids  half  open,  general  anaesthesia  is,  to  my 
mind,  out  of  the  question.  In  less  advanced  cases  an  anaesthetic 
may  be  given ;  but  caution  is  very  necessary.  As  the  question 
concerning  the  use  of  an  anaesthetic  in  intestinal  obstruction, 
peritonitis,  &c,  is  one  of  great  importance,  I  would  refer  the 
reader  to  Illust.  Cases,  No.  18  (p.  247),  and  No.  26  (p.  274). 1 

G.  THE  CONDITION  OF  THE  NERVOUS  SYSTEM. 

Should  the  patient  be  drowsy  or  half  unconscious  at  the  time 
of  operation  the  administrator  must  be  careful  as  to  his  procedure. 
In  such  cases  very  small  quantities  of  the  anaesthetic  should  be 
given.  The  subjects  of  depressed  fracture  of  the  skull,  intra- 
cranial haemorrhage,  cerebral  abscess,  or  cerebral  tumour  may,  at 
the  time  of  operation,  be  so  lethargic  that  a  few  inhalations  of 
the  anaesthetic  will  readily  produce  the  quietude  desired  by  the 
operator.  The  same  may  be  said  concerning  patients  who  are 
more  or  less  under  the  influence  of  an  opiate  at  the  time  of  the 
administration  (see  Part  II.  Ch.  VIII.).  Should  well-established 
coma  from  any  cause  be  present,  the  services  of  an  anaesthetist 
will  not,  of  course,  be  required.  Should  the  patient  be  semi- 
conscious from  cerebral  disease,  and  should  the  operator  consider 
it  desirable  to  give  a  preliminary  injection  of  morphine  before 
the  anaesthetic,  the  smallest  possible  quantity  of  the  latter  should 
be  administered.  The  use  of  morphine  in  conjunction  with 
general  anaesthetics  will,  however,  be  fully  and  specially  dis- 
cussed in  Part  II.  Ch.  VIII. 

Patients  who  are  the  subjects  of  chronic  nervous  affections 
may  exhibit  peculiar  respiratory  phenomena  during  anaesthesia. 
Thus,  I  have  notes  of  two  cases — one  patient  had  disseminated 
sclerosis,  and  the  other  advanced  tabes  dorsalis  —  in  which, 

1  For  further  remarks  on]  the  usej  of  anaesthetics  in  intestinal  obstruction 
see  p.  50. 
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during  the  use  of  an  anaesthetic  (ether),  breathing  was  jerky, 
catchy,; halting,  and  split  up,  as  it  were,  by  long  pauses.  In  the 
ataxic  patient  some  degree  of  laryngeal  obstruction,  with  pro- 
longed expirations,  was  noted,  and  gave  me  some  trouble. 

The  subjects  of  epilepsy  may  be  safely  anaesthetised.  In  some 
cases  a  more  or  less  distinct  attack  occurs  during  the  exhibition 
of  the  anaesthetic;  but  the  epileptic  symptoms  invariably  pass  off 
as  the  administration  proceeds,  and  no  untoward  results  remain. 
I  have,  on  one  or  two  occasions,  noticed  a  greater  tendency  than 
usual  to  tonic  and  clonic  spasm  during  the  administration  of 
nitrous  oxide  to  these  subjects.1 

H.  THE  PRESENCE  OF  RENAL  DISEASE. 

When  advanced  disease  of  the  kidneys  is  present  chloroform  is 
said  to  be  preferable  to  ether.  But  from  the  satisfactory  manner 
in  which  patients  with  all  forms  of  visceral  disease  pass  through 
prolonged  administrations  of  the  latter  anaesthetic,  when  properly 
given,  it  is  questionable  whether  we  are  justified  in  altogether 
withholding  ether,  at  all  events  in  some  form  or  another,  because 
Bright's  disease  exists.2 

J.  MENSTRUATION.    PREGNANCY.  LACTATION. 

It  is  customary  not  to  operate  upon  patients  during  the 
menstrual  period  ;  but  in  cases  of  any  urgency  no  hesitation  need 
be  felt  in  giving  an  anaesthetic.  Whenever  possible  it  is  best  to 
wait.  This  is  true  even  in  the  case  of  nitrous  oxide,  for  patients 
may  erroneously  attribute  disturbance  of  the  menstrual  function, 
&c,  to  the  anaesthetic.  Haemorrhage  after  tooth  extraction  is  said 
to  be  greater  during  menstruation  than  at  other  times ;  but  this 
is  doubtful. 

If  an  operation  has  to  be  performed  during  pregnancy  an  anaes- 
thetic may  unhesitatingly  be  given.  No  departure  from  ordinary 
rules  is  necessary  during  the  earlier  months ;  but  during  the 
latter  period  care  and  discretion  should  be  exercised.  The  diet 
of  the  patient  should  be  cautiously  regulated  in  order  to  avoid 

1  Mr.  Woodhouse  Braine  has  pointed  out  (Med.  Soc.  Proc,  vol.  viii.  1885, 
p.  64),  that  there  is  greater  risk  of  an  epileptic  attack  being  brought  about  by 
tooth  extraction  without  an  antesthetic  than  when  one  is  used. 

2  Mr.  Lawson  Tait  (Brit.  Med.  Journ.,  November  27,  1880,  p.  845)  has 
referred  to  cases  in  which  he  has  observed  complete  cessation  of  the  urinary 
flow  during  deep  etherisation.  See  also  Brit.  Med.  Journ.,  June  1883,  p. 
1082.  Editorial  article  on  'Diseases  of  the  Kidneys  with  Reference  to  the 
Administration  of  Ether.' 
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retching  or  vomiting  after  the  administration.  Nitrous  oxide 
may  he  given  with  safety  till  the  sixth  or  seventh  month  ;  but 
after  that  time  it  is  probably  better  not  to  administer  this 
anaesthetic,  or,  at  all  events,  not  to  administer  it  in  such  a  manner 
as  to  excite  clonic  muscular  movements.  Personally  I  would 
administer  nitrous  oxide  with  oxygen  to  a  patient  in  the  eighth 
or  ninth  month  of  pregnancy,  should  it  be  necessary  for  her  to 
take  an  anaesthetic  for  the  extraction  of  a  tooth  ;  although  some 
administrators,  I  believe,  would  employ  the  nitrous  oxide  per  se. 
Chloroform,  as  is  well  known,  is  taken  comfortably  bv  pregnant 
women,  when  the  pains  of  labour  have  to  be  relieved  (see 
p.  54).  But  in  the  event  of  a  surgical  operation  being  decided 
upon  during  the  latter  months  of  pregnancy,  I  believe  we  should 
be  consulting  the  safety  of  our  patient  best  by  administering  a 
small  quantity  of  the  A.  C.  E.  mixture,  followed  by  ether,  as 
directed  on  p.  256  ;  or  we  might  use  this  mixture  throughout. 
Should  ether  produce  respiratory  difficulty,  cough,  &c,  it  should 
not  be  persisted  in ;  but  the  mixture  or  chloroform  should  be 
substituted. 

The  use  of  anaesthetics  during  lactation  in  no  way  interferes 
with  this  process.1  Indeed,  as  has  been  pointed  out,2  there  is 
more  likelihood  of  lactation  being  arrested  by  the  performance  of 
an  operation  without,  than  with,  an  anaesthetic. 

1  Med.  Chir.  Trans.,  vol.  xlvii.  1864,  p.  435. 
-  Med.  Soc.  Proc,  vol.  viii.  1885,  p.  63/ 
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CHAPTEE  III. 

THE  NATURE  OF  THE  OPERATION,  PROCEDURE,  OR  CONDITION 
FOR  WHICH  AN/ESTHESIA  IS  DESIRED. 

GENERAL  REMARKS. 

Before  administering  an  anaesthetic  we  should  take  into  con- 
sideration the  nature  of  the  operation,  procedure,  or  condition 
for  which  anaesthesia  is  to  be  induced.  In  the  first  place,'  although 
the  selection  of  the  agent  to  be  employed  should  be  chiefly  regu- 
lated by  the  general  state  of  the  patient,  there  are  certain  opera- 
tions which  should,  whenever  possible,  be  performed  under  certain 
anaesthetics.  In  the  next  place,  there  is  a  tendency  during 
some  surgical  procedures  for  circulation,  or  respiration,  or  both 
to  become  influenced  independently  of  the  anaesthetic ;  and, 
unless  the  administrator  be  aware  of  such  contingencies,  he  may 
erroneously  attribute  the  phenomena  to  the  action  of  the 
anaesthetic  he  is  administering.  Lastly,  when  certain  parts  of 
the  body  are  being  manipulated  or  operated  upon,  there  is  need 
for  a  somewhat  deeper  or  lighter  anaesthesia,  as  the  case  may  be, 
than  is  required  under  other  circumstances. 

Before  proceeding  to  consider  seriatim  the  various  procedures 
for  which  a  general  anaesthetic  may  be  required,  I  propose  to 
refer,  in  general  terms,  to  the  influence  which — 

(1.)  The  position  of  the  patient  during  the  administration,  and 
(2.)  The  actual  performance  of  a  surgical  operation 
may  have  in  modifying  the  usual  phenomena  which  attend  the 
exhibition  of  anaesthetics. 

(1.)  The  Position  of  the  Patient  during  the  Adminis- 
tration.— This  is  of  no  small  importance  from  the  point  of  view 
of  the  anaesthetist.  Whenever  practicable  the  patient  should  lie 
supine  with  his  head  and  shoulders  very  slightly  raised,  and  with 
one  cheek  upon  the  pillow.  The  head  should  never  be  so  ad- 
justed that  the  chin  touches  the  sternum ;  nor  should  it  be 
thrown  too  far  backwards.  There  are,  however,  many  opera- 
tions in  which  this  position  cannot  be  adopted,  and  some  other 
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has  to  be  chosen  to  suit  the  requirements  of  the  surgeon.  In 
some  positions  of  the  head  blood  is  liable  to  enter  the  larynx 
during  operations  within  the  mouth  or  nose.  The  best  positions 
for  such  cases  will  be  discussed  below  (A  and  B).  Should  the 
nature  of  the  operation  be  such  that  the  sitting  or  semi-recum- 
bent position  is  necessary,  the  administrator  should  avoid  chloro- 
form, and  if  he  has  been  using  this  anaesthetic  whilst  the  patient 
was  recumbent  he  should  replace  it  by  ether  when  the  position 
is  changed.  In  those  operations  in  which  shock  is  prone  to  arise, 
or  is  present,  the  head  should  be  kept  low  throughout,  and  in 
ui'gent  cases  the  legs  should  be  raised.  In  those  in  which  the 
prone  or  latero-prone  position  is  essential,  the  respiration  must 
be  carefully  watched,  and,  if  possible,  ether  administered  in 
preference  to  chloroform.1  When  any  marked  respiratory  em- 
barrassment pre-exists,  the  position  of  the  patient  during  the 
administration  becomes  a  matter  of  the  greatest  importance — a 
circumstance  which  will  be  specially  considered  when  dealing  with 
operations  upon  the  interior  of  the  thorax  (vide  infra :  D). 

(2.)  The  Effects  which  may  be  Produced  upon  the 
Anaesthetised  Patient  by  the  Operation  itself. — The  con- 
sideration of  this  matter  belongs  rather  to  the  province  of  the 
operator  than  to  that  of  the  anaesthetist.  But  seeing  that  many 
of  these  effects  may  be  prevented  or  modified  by  skilful  adminis- 
tration, and  also  that  it  is  not  always  easy  to  say  what  share  the 
operation  and  what  share  the  anaesthetic  may  have  had  in  the 
production  of  any  particular  state,  it  is  well  that  we  should 
briefly  discuss  these  effects  from  our  present  standpoint.  There 
are  various  ways  in  which  the  circulation  of  the  patient  under- 
going a  surgical  operation  may  become  affected  as  the  direct 
result  of  the  operation  itself.  Profuse  or  protracted  haemorrhage 
may  occur,  and  give  rise  to  urgent  or  gradual  symptoms  of  cir- 
culatory depression  (see  Must.  Cases,  No.  53,  p.  315,  and  No.  34, 
p.  316).  Infants,  very  old  persons,  and  anaemic  and  cachectic 
subjects  are  naturally  more  seriously  affected  by  loss  of  blood 

1  The  late  Dr.  Sheppard  drew  special  attention  to  this  point,  and  his  ob- 
servations are  of  considerable  interest  and  value  (see  Brit.  Med.  Journ.,  July 
II,  1891,  p.  68:  'The  Administration  of  Ether  in  Operations  requiring  the 
Lateral  or  Prone  Positions,'  by  C.  E.  Sheppard,  M.D.,  F.R.C.S.).  Dr. 
Sheppard  quotes  Dastre  (Les  Anesthesiques,  Paris,  1890,  p.  92),  who  found 
that,  whilst  a  weight  of  75  kilogrammes  placed  upon  the  thorax  was  neces- 
sary in  order  to  bring  the  respiration  of  a  conscious  dog  to  a  standstill,  only 
25  kilogrammes  were  needed  after  one  hour's  chloroformisation.  Dr.  Sheppard 
adds  :  "As  regards  actual  clinical  experience,  I  have  twice  met  with  cases 
where  under  chloroform  an  absolute  cessation  of  respiration  occurred  as  the 
direct  result  of  impeded  thoracic  and  abdominal  movement  in  the  semi-prone 
position  ;  this  was  at  once  rectified  by  simply  replacing  the  patient  in  the 
supine  position,  and  thus  removing  the  mechanical  impediment." 


TIIl<;  NATURE  OF  THE  OPERATION. 


33 


than  more  vigorous  persons.  During  the  removal  of  large  and 
vascular  tumours,  the  excision  of  the  upper  jaw,  and  similar 
cases,  the  anaesthetist  should  narrowly  watch  the  colour  and  pulse 
of  the  patient,  and  should  not  administer  more  of  the  anaesthetic 
than  is  absolutely  necessary.  The  greater  the  quantity  of  blood 
lost,  the  less  will  be  the  quantity  of  anaesthetic  required.  Then 
we  not  infrequently  meet  with  cases  in  which  the  heart's  action 
becomes  enfeebled,  partly  by  reason  of  haemorrhage,  and  partly 
also  from  other  causes,  such  as  the  division  of  important  nerves, 
the  prolonged  exposure  of  large  cutaneous  or  cut  surfaces,  &c. 
When  a  large  vascular  growth  has  to  be  removed,  or  a  major 
amputation  upon  a  feeble  subject  performed,  signs  of  circulatory 
depression  will  be  liable  to  arise ;  and  all  the  resources  of  the 
anaesthetist  may  be  called  into  play.  The  question  often  arises, 
in  such  cases  as  the  above,  as  to  how  long  the  operation  should 
be  allowed  to  continue.  I  have  usually  found  that  so  long  as  the 
pulse  can  be  counted  at  the  wrist,  so  long  may  the  patient  be 
kept  upon  the  operating-table.  I  am  speaking  now  of  those 
cases  in  which  signs  of  exhaustion  from  loss  of  blood  and  general 
shock  come  on  gradually.  Should  the  pulse  become  a  running 
pulse,  or  almost  imperceptible,  no  time  should  be  lost  in 
removing  the  patient  to  bed.  Lastly,  we  meet  with  certain 
cases,  as  important  as  they  are  interesting,  in  which,  indepen- 
dently of  the  ancesthetic,  and  independently  too  of  licemorrhage,  or  of 
prolonged  surgical  interference,  symptoms  of  cardiac  depression, 
possibly  of  an  urgent  character,  make  their  appearance.  Tran- 
sient reflex  effects  upon  the  heart's  action  at  the  moment  an 
incision  is  made  or  some  other  procedure  carried  out  are  not 
uncommon,  more  especially  during  a  light  anaesthesia  under 
chloroform.  In  most  cases  the  effect  upon  the  circulation  is  so 
slight  that  it  is  not  noticed  ;  or,  at  most,  a  passing  pallor  is  seen. 
But  more  grave  symptoms  may  result.  Mr.  Bickersteth  of 
Liverpool  drew  attention,  as  far  back  as  1853,  to  certain  cases 
in  which  sudden  cessation  of  the  pulse  was  observed  to  occur 
simultaneously  with  the  commencement  of  the  operation ; 1  and 
other  observers  have  supported  his  contention,  having  reported 
cases  in  which,  more  especially  during  operations  for  strabismus 
and  tooth  extraction  under  light  anaesthesia,  sudden  syncope  has 

1  See  Edinburgh  Monthly  Journal,  1853,  vol  xvii.  p.  220  :  '  On  the  Mode 
of  Death  from  the  Inhalation  of  Chloroform,'  by  E.  R.  Bickersteth.  After 
giving  some  very  interesting  experiments  and  clinical  observations,  Mr. 
Bickersteth  says:  "A  peculiar  and  interesting  fact,  and  one  that  I  am 
inclined  to  think  may  account  for  many  deaths,  is,  that  in  some  individuals, 
when  fully  under  the  influence  of  chloroform,  the  pulse  suddenly  fails  at  the 
moment  the  first  incision  is  made  by  the  surgeon,  and  this,  too,  when  the 
respiration  is  altogether  natural."    In  support  of  this  opinion  three  striking 
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arisen.  But  at  the  present  time  sufficient  attention  is  not  paid 
to  the  effects  which  certain  surgical  operations  may  themselves 
bring  about  upon  an  ansBsthetised  patient.  I  have  myself  on 
many  occasions  met  with  undoubted  examples  of  reflex  cardiac 
depression ;  and  I  believe  that  the  true  nature  of  such  cases  is 
frequently  overlooked.  It  is  highly  probable  that  such  effects 
may  be  prevented  to  a  great  extent,  by  a  very  deep  anaesthesia ; 
but  even  this  fact  is  not  certain.  It  also  seems  that  the  heart's 
fiction  is  more  likely  to  be  permanently  affected  under  chloro- 
form than  under  nitrous  oxide  or  ether.  As  it  would  be  out  of 
place  to  quote  exceptional  and  abnormal  cases  before  we  have 
fully  considered  the  more  usual  course  taken  by  patients  under 
anaesthetics  for  surgical  operations,  I  must  here  refrain  from 
referring  in  detail  to  those  instances  of  this  form  of  circulatory 
depression  which  have  come  under  my  own  observation.  I  have, 
however,  given  these  cases  in  subsequent  portions  of  the  book, 
and  would  refer  the  reader  to  them.  In  Illust.  Cases,  Nos.  35 
(p.  316)  and  41  (p.  321),  the  changes  in  the  circulation  came  on 
during  operations  upon  the  kidney  ;  in  Nos.  36  (p.  317)  and  40 
(p.  320),  during  long  skin  incisions  for  the  removal  of  the  breast; 
in  No.  37  (p.  318),  during  the  incision  for  a  Syme's  amputation 
in  a  feeble  subject;  and  in  Nos.  38  (p.  318)  and  39  (p.  319), 
during  an  operation  in  the  neighbourhood  of  the  vagus  in  the 
neck.  It  is  possible  that  in  some  of  the  cases  the  patient  was 
not  quite  deeply  enough  under  the  anaesthetic ;  but  it  is  difficult 
to  speak  with  certainty  upon  this  point. 

A.  OPERATIONS  WITHIN  OR  ABOUT  THE  MOUTH,  NOSE, 
PHARYNX,  AND  LARYNX  (EXCLUDING-  THE  EX- 
TRACTION OF  TEETH,  SEPARATELY  CONSIDERED). 

Operations  upon  the  Lips,  Cheeks,  Jaws,  Tongue, 
Floor  of  the  Mouth,  Palate,  Tonsils,  Naso-pharynx,  and 

Nose. — For  these  operations  the  patient  should,  as  a  general  rule, 
be  first  placed  fully  and  deeply  under  ether.  There  are  necessarily 
cases  in  which  this  anaesthetic  is  contra-indicated  by  reason  of 
the  condition  of  the  patient ;  but  these  do  not  concern  us  here. 
Ether  may,  whenever  practicable,  be  preceded  by  nitrous  oxide 

cases  are  quoted  ;  in  all  of  which,  at  the  moment  the  incision  for  amputation 
of  the  thigh  was  made,  the  pulse  suddenly  ceased  for  several  seconds.  Two 
of  the  patients  were  markedly  emaciated,  and  the  other  was  probably  feeble. 
In  one  of  the  cases  the  countenance  became  deadly  pale,  and  breathing 
flagged  during  the  cardiac  depression  ;  whilst  in  one  of  the  others  the  respira- 
tion was  unaffected,  and  very  slight  pallor  was  observed. 
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(Part  II.  Chap.  III.),  or  a  small  quantity  of  the  A.  C.  E.  mixture 
(see  Part  II.  Chap.  VI.),  but  this  is  not  essential.    The  opera- 
tion, if  of  lengthy  duration,  should  not  be  begun  till  some  time 
after  the  full  effects  of  the  ether  have  been  produced,  i.e.,  till  the 
patient  has  been  breathing  ether  vapour  for  several  minutes. 
Nothing  is  more  unsatisfactory  than  for  the  operator  to  com- 
mence just  when  deep  anaesthesia  has  become  established ;  for 
the  momentary  withdrawal  of  the  anaesthetic,  necessitated  by  the 
commencement  of  the  operation,  often  allows  the  patient  to 
'  come  round '  to  a  certain  extent,  and  to  struggle  inconveniently. 
This  will  not  be  the  case  if  the  patient  has  been  'charged  up,' 
so  to  speak,  with  a  considerable  quantity  of  ether  before  the 
operation  is  commenced.    I  have  on  more  than  one  occasion,  for 
example,  given  a  patient,  in  the  first  instance,  such  a  quantity  of 
ether  that  the  operator  has  been  able  to  remove  the  upper  jaw 
or  tongue  without  any  more  anaesthetic  being  required.  This 
charging  up  of  the  patient  is  not  to  be  recommended  with  chloro- 
form.   In  a  large  number  of  cases  the  initial  dose  of  ether 
will  obviously  be  insufficient,  and  it  is  then  best  to  keep  up 
the  narcosis  with  chloroform,  administered  either  by  means  of 
Junker's  apparatus  (Figs.  46  and  49),  or  upon  lint.    The  change 
to  chloroform  should  not  be  effected  till  the  patient  has  been 
deeply  under  ether  for  several  minutes.    Should  he  have  been 
breathing  ether  for  a  minute  or  two  only,  when  the  chloroform 
is  applied  he  will  certainly  partially  '  come  round,'  and  the 
administrator,  in  his  endeavour  to  keep  the  patient  quiet,  will 
be  very  liable  indeed  to  give  an  overdose  of  chlorofoi'm.    It  is 
possible  that  the  brisk  circulation  and  respiration  of  the  etherised 
patient  favours  a  large  intake  of  chloroform.    This  objection  does 
not  apply  when  ether  has  been  given  say  for  five  or  six  minutes, 
for  the  quantity  of  chloroform  then  required  to  allay  any  symptoms 
of  'coming  round'  will  be  very  small.    This  is  an  important 
point,  applying  as  it  does,  not  only  to  the  class  of  cases  under 
consideration,  but  to  other  cases  in  which,  for  some  reason  or 
another,  it  is  thought  desirable  to  change  from  ether  to  chloro- 
form.   The  operation  should  be  begun  whilst  the  patient  is  well 
under  ether,  and  as  there  will  be  no  reflex  movement  or  other 
response  on  the  part  of  the  patient,  the  administrator  will  be 
able  to  get  ready  to  keep  up  the  anaesthesia  with  chloroform.  Mr. 
J.  Mills1  was,  I  believe,  the  first  to  us6  Junker's  apparatus  for 
keeping  up  chloroform  anaesthesia  in  these  cases.    Before  chang- 
ing to  chloroform  the  administrator  should  ascertain  whether,  in 

1  Lancet,  December  14,  1878,  p.  839.  Mr.  Mills  has  found,  and  I  can 
corroborate  his  statement,  that  it  is  not  always  easy  to  keep  up  anaesthesia  by 
this  means  in  alcoholic  subjects. 
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thejposition  of  the  head  which  is  most  convenient  to  the  operator, 
respiration  takes  place  through  the  mouth  or  nose  or  both.  It  is 
obviously  next  to  useless  to  insert  the  tube  of  Junker's  apparatus 
into,  or  place  lint  sprinkled  with  chloroform  over  the  mouth, 
when  respiration  is  taking  place  through  the  nose ;  and  the 
converse  is  equally  true.  Should  the  administrator  wish  to  give 
chloroform  through  the  mouth,  whilst  respiration  is  partly  taking 
place  through  the  nose,  he  should  plug  the  anterior  nares  with 
pieces  of  lint  and  so  prevent  nasal  breathing.  When  once  the 
operation  has  been  begun  the  patient  should,  generally  speaking, 
be  allowed  to  get  back  slight  lid-reflex  or  other  signs  of  only 
moderately  deep  anaesthesia ;  and  if  from  the  position  of  the  head 
much  blood  is  passing  to  the  back  of  the  throat,  swallowing  and 
coughing  are  to  be  encouraged,  unless  associated  with  incon- 
venient movement.  Occasional  phonation  is  admissible  in  pro- 
tracted cases ;  but  articulation  would  indicate  too  light  an 
anaesthesia.  Towards  the  end  of  these  operations,  however, 
when  much  blood  has  been  lost,  very  little  of  the  anaesthetic  will 
be  required.  As  a  rule,  the  greater  the  haemorrhage  the  lighter 
should  be  the  anaesthesia.  When  very  little  haemorrhage  is 
anticipated  the  usual  depth  of  anaesthesia  should  be  maintained. 

Success  in  maintaining  a  safe  and  efficient  anaesthesia  in  these 
cases  is  very  largely  dependent  upon  the  avoidance  of  all  respira- 
tory embarrassment  from  the  entry  of  blood  into  the  larynx. 
With  proper  management  this  complication  may  easily  be  avoided. 
It  is  probably  the  rule  rather  than  the  exception  for  a  variable 
quantity  of  blood  to  gain  access  to  the  larynx  during  operations 
within  the  mouth  and  nose.  But  if  the  anaesthesia  be  not  allowed 
to  become  too  deep,  most  of  the  blood  will  either  be  carried  away 
by  the  swallowing  movements  of  the  patient,  or  coughed  back 
into  the  mouth  from  time  to  time.  Should  these  natural  efforts 
be  absent,  blood  must  either  be  repeatedly  sponged  out,  or  the 
head  of  the  patient  must  be  so  placed  that  blood  drains  away. 
A  sponge,  as  large  as  can  be  conveniently  introduced,  and  un- 
attached to  any  instrument,  answers  well  in  most  cases. 

If  convenient  to  the  operator  the  patient  should  be  placed  in 
one  of  three  positions  during  these  operations  : — 

(i.)  Somewhat  upon  the  side,  with  one  cheek  resting  upon  the 
pillow,  and  so  that  the  face  is  turned  slightly  downwards. 

(2.)  Sitting  up,  with  the  head  and  shoulders  thrown  well  forwards, 
the  face  looking  towards  the  couch  or  bed. 

(3.)  Supine  with  the  head  completely  extended  and  in  the  mid-line. 

The  first  of  these  positions  answers  admirably  for  most  jaw 
cases,  for  the  removal  of  nasal,  or  naso-pharyngeal  polypi,  and 
for  all  operations  which  can  be  performed  with  the  head  well 
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upon  the  side.  The  second  should  only  be  adopted  under  ether, 
and  is  very  useful  when  the  naso-pharynx  is  to  be  cleared  of 
adenoid  growths  by  means  of  the  finger  or  artificial  nail.1 
Should  it  be  thought  desirable,  the  patient  may  be  first  placed 
under  ether  whilst  he  is  recumbent  or  semi-recumbent,  and  when 
properly  ansesthetised  he  may  be  raised  into  the  sitting  posture 
and  bent  forward  as  described.  The  third  position  is  used  by 
many  operators  for  cleft-palate  operations  and  those  for  the  re- 
moval of  adenoid  growths,  &c.  The  naso-pharynx  holds  a  con- 
siderable quantity  of  blood,  and  the  excess  flows  out  through  the 
nostrils.  But  when  nasal  obstruction  is  present,  even  in  a  minor 
degree,  this  position  is  not  a  good  one  for  the  escape  of  blood. 
Should  neither  of  these  positions  be  convenient  to  the  operator, 
it  is  the  duty  of  the  anaesthetist  to  maintain  unembarrassed  re- 
spiration and  to  see  that  blood  does  not  accumulate  at  the  back 
of  the  throat  in  quantities  sufficient  to  obstruct  breathing. 

There  is  nothing  worthy  of  special  notice  in  connection  with 
operations  upon  the  lips  and  cheek,  save  perhaps  that  in  young 
children  anesthesia  may  be  satisfactorily  kept  up  by  holding  the 
end  of  the  tube  of  a  Junker's  inhaler  a  few  inches  away  from  the 
mouth  and  nose  of  the  patient,  and  pumping  rather  vigorously. 
By  this  manoeuvre  the  administration  of  the  anaesthetic  in  no 
way  interferes  with  the  operator,  for  a  sufficient  percentage  of 
chloroform  vapour  may  thus  be  administered  even  though  the 
ansesthetist  frequently  varies  the  position  of  the  tube.  In  adults 
the  vapour  thus  supplied  is  not  of  sufficient  strength,  and  the 
tube  must  be  introduced  into  the  air-passages.  I  have  often  had 
recourse  to  the  method  indicated  in  hare-lip  operations  upon 
infants,  and  with  good  results. 

In  operation  upon  the  jaws  the  first  of  the  three  positions 
above  advocated  is  the  best  from  the  administrator's  point  of 
view,  and  is  usually  convenient  to  the  surgeon.  All  blood  flows 
into  the  opposite  cheek ;  and  sponging  out  the  mouth  is  rarely 
necessary. 

Owing  to  the  varied  methods  of  removing  a  portion  or  the 
whole  of  the  tongue,  it  is  difficult  to  lay  down  any  special  rules 
as  to  the  administration  of  the  anaesthetic.  When  the  lingual 
arteries  have  been  previously  ligatured,  or  glands  have  been 
removed,  the  administration  for  the  operation  on  the  tongue  will 
be  easy,  by  reason  of  the  patient  having  been  under  the  anaes- 
thetic for  some  time.  When  the  cheek  is  slit  up  the  headand 
turned  to  the  opposite  side,  the  gag  shown  in  Figs.  52  and  53 

1  Mr.  Woodhouse  Braine  first  suggested  this  position.  It  certainly  answers 
well,  :it  all  events  from  the  anaesthetist's  point  of  view,  and  is  strongly  recom- 
mended by  Sir  William  Dalby. 
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may  be  used  and  anaesthesia  kept  up  by  Junker's  apparatus,  the 
tube  of  which  may  be  inserted  into  the  nose  or  mouth.  When 
haemorrhage  is  free  and  the  lingual  artery  has  to  be  secured 
through  the  mouth,  the  position  of  the  head  which  is  most 
suitable  for  the  operator  is  not  the  best  from  the  anaesthetist's 
point  of  view,  so  that  the  respiration  must  be  watched  and  blood 
sponged  away.  When  a  considerable  portion  or  the  whole  of  the 
tongue  has  been  removed,  the  breathing  may  become  embarrassed 
by  the  stump  of  the  tongue  and  epiglottis  covering  the  opening 
of  the  larynx.  Many  surgeons  follow  the  plan  of  passing  a 
ligature  through  the  base  of  the  organ  before  excision,  in  order 
to  avert  this  danger ;  and  the  anaesthetist  will  probably  be  ex- 
cused in  suggesting  the  precaution,  should  it  have  been  omitted. 

In  connection  with  these  operations  it  may  be  well  to  say  a 
few  words  as  to  the  advisability  of  tracheotomy.  Should  there 
be  any  difficulty  in  breathing  when  the  mouth  is  opened  for  the 
removal  of  the  tongue  and  traction  is  made  upon  that  organ, 
tracheotomy  should  be  performed ;  for  such  difficulty  in  breathing 
will  certainly  increase  during  the  operation. 

In  staphyloraphy,  chloroform  is  the  most  convenient  anaesthetic 
to  employ.  In  the  case  of  young  children  it  is  a  good  plan  to 
dilute  this  agent  with  about  one-fifth  of  its  bulk  of  absolute 
alcohol.  In  older  persons  it  is  best  to  first  place  the  patient  well 
under  ether,  and  then  to  proceed  with  chloroform  as  already 
described.  The  vascularity  of  the  parts  soon  subsides,  and  the 
secretion  of  mucus  quickly  abates  when  the  change  to  chloroform 
is  effected.  Junker's  apparatus  answers  well  for  cleft-p:ilatc 
cases  ;  though  many  surgeons  prefer  simpler  means  of  maintain- 
ing anaesthesia.  Whatever  anaesthetic  be  used,  deep  narcosis 
should  be  completely  established,  or,  preferably,  should  have 
existed  for  some  few  minutes,  before  the  gag  is  inserted  and  the 
operation  commenced.  Care  must  be  taken  not  to  let  the  patient 
come  round  during  the  insertion  of  the  gag.  A  somewhat  lighter 
anaesthesia  may,  however,  be  advantageously  permitted  after  the 
incisions  have  been  made,  i.e.,  whilst  haemorrhage  is  taking  place 
somewhat  freely.  The  blood  may  either  be  removed  by  sponging, 
or  the  head  may  be  turned  to  one  side  and  the  blood  be  thus 
allowed  to  escape.1  Profound  anaesthesia  must  now  be  again 
secured  in  order  to  avoid  movement,  coughing,  retching,  or 
vomiting  during  the  insertion  of  the  sutures.     By  this  time 

1  Mr.  William  Rose  ('On  Hare-lip  and  Cleft-palate,'  1891,  pp.  105,  106) 
gives  some  excellent  directions  for  the  regulation  of  the  anaesthetic.  Mr.  Rose 
advocates  the  use  of  chloroform  throughout  for  these  cases  ;  and  urges  that  it 
is  best  administered  upon  a  towel  drawn  through  a  safety-pin.  He  objects  to 
any  nasal  or  buccal  tubes  for  the  administration. 
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haemorrhage  will  to  a  great  extent  have  ceased,  so  that  there  is 
not  that  objection  which  existed  earlier  in  the  administi'ation  to 
a  very  deep  narcosis. 

I  have  administered  anaesthetics  for  the  removal  of  the  tonsils 
in  all  possible  ways,  and  the  following  I  believe  to  be  the  best. 
The  patient  is  placed  in  the  semi-recumbent  posture,  and  ether 
is  administered  till  the  conjunctivse  have  been  insensitive  for 
some  minutes.  He  is  then  propped  up,  almost  vertically,  by 
means  of  pillows ;  his  mouth  is  opened  by  a  Mason's  gag ;  and 
his  head  adjusted  so  that  a  good  view  is  obtained  by  the  suigeon. 
These  manoeuvres  in  the  sitting  posture  may  be  safely  performed 
under  ether,  but  are  not  advisable  under  chloroform.  When  the 
tonsils  have  been  removed,  the  head  should  be  thrown  a  trifle 
forwards,  for  the  escape  of  blood ;  and  should  more  ether  be  re- 
quired, it  may  be  given  with  the  patient's  head  in  this  position, 
and  the  operation  then  completed  (see  Illustrative  Case,  No.  24, 

P-  257). 

In  operations  upon  the  naso-pharynx,  the  position  of  the  patient 
is  important,  owing  to  the  free  haemorrhage  which  often  occurs, 
more  especially  under  ether.  I  have  known  large  naso-pharyn- 
geal  polypi  removed,  and  similar  operations  performed,  without 
the  slightest  trouble  whilst  the  patient's  head  has  been  kept  upon 
its  side,  i.e.,  in  the  first  of  the  positions  already  referred  to.  The 
Mason's  gag  with  the  chloroform  tubes  (Figs.  50  and  51,  pp.  199 
and  200)  answers  well  for  these  cases  when  the  ether  anaes- 
thesia is  of  insufficient  duration. 

I  have  given  anaesthetics  for  the  removal  of  post-nasal  adenoid 
growths  with  the  patient — 

(1.)  Upon  his  back,  the  head  being  only  slightly  extended  : 
(2.)  Upon  his  back,  the  head  being  completely  extended  : 
(3.)  Upon  his  side,  the  cheek  resting  upon  the  pillow  : 
(4.)  Sitting  up  in  a  chair  or  on  a  couch,  the  head  and  body 
being  bent  well  forwards  :  and 

(5.)  Sitting  up  in  a  chair,  the  head  retaining  its  usual  position 
in  regard  to  the  trunk. 

Some  operators  prefer  one  position  ;  some  another.  Although 
ether  produces  greater  haemorrhage,  it  is  certainly  preferable  to 
chloroform  in  these  cases.  A  single  inhalation  of  ether  will 
often  suffice  for  the  removal  of  the  growths ;  but,  when  a  longer 
anaesthesia  is  necessary,  the  unconsciousness  should  be  kept  up 
by  chloroform  administered  by  means  of  Junker's  apparatus. 
The  gag  shown  in  Fig.  50  answers  well.  In  the  first  of  the  five 
positions  mentioned,  the  blood  is  best  sponged  away  by  means 
of  a  large  sponge  unattached  to  any  holder,  and  the  anaesthesia 
should  only  be  deep  at  the  moment  the  operation  is  commenced. 
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Should  the  haemorrhage  be  very  free,  as  may  happen  in  vascular 
subjects  under  ether,  the  head  must  be  turned  to  the  side  occa- 
sionally for  drainage.  This  position  is  usually  chosen  at  the 
Throat  Hospital,  Golden  Square  ;  and  it  is  very  rare  for  any 
trouble  to  occur  from  the  blood  entering  the  larynx,  although 
this  probably  happens  very  frequently.  It  is  a  good  plan  to 
encourage  an  occasional  cough  by  not  keeping  up  too  deep  an 
anaesthesia.  In  the  second  position,  there  is  the  advantage  that 
no  blood  is  swallowed  by  the  patient,  so  that  after-vomiting  is 
usually  absent.  The  third  position  is  generally  considered  an 
inconvenient  one  for  this  operation.  Position  No.  4  is  only 
applicable  when  the  growths  are  to  be  scraped  away,  as  recom- 
mended by  Sir  William  B.  Dal  by,1  and  then  it  answers  admir- 
ably. The  chief  objection  to  the  fifth  position  is  that,  should 
it  be  necessary  to  prolong  the  anaesthesia,  chloroform,  which 
is  almost  essential,  ought  not  to  be  given  with  the  patient  sitting 
upright  in  a  chair. 

In  all  nasal  operations  it  is  a  good  plan  to  have  the  mouth 
slightly  or  widely  opened  by  a  gag,  not  only  because  of  the  greater 
ease  by  which  a  chloroform  tube  may,  if  required,  be  passed  to 
the  back  of  the  throat,  but  because  of  the  facility  afforded  for 
sponging  away  blood  when  necessary.  I  have  found  the  gag 
shown  in  Fig.  52,  p.  201,  of  great  use  in  those  cases  in  which  the 
operator  has  required  the  patient's  head  to  be  lying  in  the  mid- 
line. The  mouth  being  widely  opened  by  a  gag  which  cannot 
slip,  and  which,  therefore,  need  not  be  held  by  an  assistant,  is 
readily  accessible  for  sponging  out.  The  best  results,  so  far  as 
the  anaesthetic  is  concerned,  are  obtained  when  the  patient's  head 
is  upon  the  side ;  but  this  position  is  frequently  inconvenient  or 
impossible  from  the  operator's  point  of  view.  Patients  requiring 
operations  within  the  nasal  cavity  often  possess  a  partially  or 
wholly  occluded  nasal  air-way ;  and  in  such  patients  it  is  a  good 
plan  to  place  a  little  mouth-prop  (Fig.  3,  p.  82)  between  the  teeth 
before  commencing  the  administration.  This  is  particularly  im- 
portant in  muscular  subjects,  in  whom  masseteric  spasm  is  likely 
to  be  pronounced. 

Laryng-otomy,  Tracheotomy,  and  other  Operations 
upon  the  Larynx  and  Trachea.— The  administration  of  an 

anaesthetic  for  these  operations  is  often  a  rather  anxious  task, 
because  of  the  condition  of  the  patient  at  the  time.  Speaking 
generally,  chloroform,  or  some  mixture  containing  chloroform,  is 
preferable  to  ether.  "With  regard  to  laryngotomy  and  trache- 
otomy, we  may  say  that,  should  there  be  no  dyspnoea,  the  adminis- 


1  'Adenoid  Growths  in  the  Pharynx '  (Lancet,  October  18S6,  p.  618). 
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trator  may  give  that  ansesthetic  which,  by  a  consideration  of  the 
condition  of  the  patient,  is  obviously  indicated.1  He  should, 
if  employing  ether,  admit  as  much  air  as  possible  in  order  to 
lessen  venous  turgescence.  The  selected  ansesthetic,  moreover, 
need  never  be  pushed  very  far  save  for  the  first  incision.  When 
dyspnoea  is  present,  the  A.  C.  E.  mixture  or  chloroform  will  be 
preferable  to  ether ;  but,  as  already  explained,  no  general  anaes- 
thetic at  all  should  be  given  when  cyanosis  and  other  indications 
of  considerable  embarrassment  in  breathing  are  present.  For 
other  operations  upon  the  larynx  and  trachea,  such,  for  example, 
as  that  for  the  partial  or  complete  removal  of  the  former  organ, 
chloroform  is  undoubtedly  the  best  ansesthetic. 

The  preliminary  performance  of  laryngotomy  or  tracheotomy, 
prior  to  the  more  formidable  operations  upon  the  jaws,  tongue, 
palate,  and  other  parts,  relieves  the  administrator  of  the  ansesthetic 
of  much  difficulty.  This  measure  is  strongly  to  be  advocated  when- 
ever there  exists  the  slightest  respiratory  embarrassment  dependent 
upon  the  presence  of  the  growth  or  disease  about  to  be  removed. 
Such  difficulty  will  be  liable  to  unexpectedly  increase  rather  than 
to  diminish  when  deep  anaesthesia  is  present,  and  when  the  parts 
are  being  manipulated  prior  to  their  removal.  I  have  seen  this 
happen  in  connection  with  operations  upon  the  tongue.  There 
are  also  other  circumstances  under  which  a  preliminary  opening 
into  the  larynx  or  trachea  is  advisable ;  but  these  hardly  come 
within  the  scope  of  our  subject.  I  have  seen  Trendelenburg's 
apparatus  used  on  many  occasions,  and  there  are  just  two  points 
which  may  be  mentioned  in  connection  with  the  administration 
of  chloroform  through  it.  In  the  first  place,  it  is  better  to  ad- 
minister chloroform  from  a  piece  of  lint,  or  from  a  Skinner's  mask, 
for  some  minutes  after  the  tracheotomy  tube  has  been  inserted, 
rather  than  at  once  to  fix  on  the  flexible  tube  to  the  latter.  In 
this  way  any  blood  will  be  more  readily  coughed  out.  When 
respiration  has  become  quiet,  and  the  colour  good,  the  flexible 
tube  with  its  expanded  end  for  the  reception  of  the  chloroform 
may  be  attached.  In  the  next  place,  it  is  a  good  plan  to  plug 
the  larynx  from  above  as  an  additional  safeguard ;  for  sometimes 
the  tampon  allows  a  small  quantity  of  blood  to  gain  access  to  the 
trachea.  Respiration  is  usually  considerably  quicker  and  deeper 
when  Trendelenburg's  apparatus  is  used  than  when  an  ordinary 
tracheotomy  tube  is  employed,  owing  to  the  greater  resistance 
offered  to  the  passage  of  air  along  the  comparatively  narrow 
flexible  tube. 

Rectal  Etherisation.— This  has  been  adopted  for  cases  of 

1  Mr.  Durham  ('System  of  Surgery,'  vol.  i.  p.  771)  prefers  chloroform  to 
other  anaesthetics  for  these  cases. 
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this  class,  but  the  results  have  not  always  been  as  satisfactory  as 
could  be  wished  (see  p.  172). 

The  Use  of  Morphine  prior  to  Ether  or  Chloroform.— 

This  plan  is  regarded  by  many  Continental  surgeons  as  specially 
advantageous  in  major  operations  within  the  mouth  or  nose, 
owing  to  the  very  small  quantity  of  the  anaesthetic  needed  to 
keep  up  anaesthesia,  or,  more  correctly  speaking,  analgesia,  For 
remarks  on  this  mixed  narcosis,  see  Part  IT.  Chap.  VIII. 
p.  271. 

B.  THE  EXTRACTION  OF  TEETH. 

Choice  Of  Anaesthetics,  &C. — The  best  anaesthetic  for  use  in 
dental  surgery  is  undoubtedly  nitrous  oxide.  It  is  true  that  the 
resulting  anaesthesia  after  the  inhalation  of  this  agent  is  of  very 
short  duration ;  but  this  disadvantage  is  fully  compensated  for 
by  the  fact  that  the  return  of  the  patient  to  consciousness  is, 
with  the  rarest  exceptions,  unattended  by  those  discomforts 
which  often  follow  the  use  of  other  anaesthetics.  This  absence  of 
after-effects  is  dependent  upon  the  inhalation  being  necessarily 
short,  owing  to  want  of  free  oxygen.  The  great  error  which 
is  fallen  into  with  regard  to  the  use  of  nitrous  oxide  in 
dental  surgery  is  that  too  much  in  the  way  of  operation  is  often 
attempted.  The  period  of  deep  and  true  anaesthesia  from  nitrous 
oxide  is  short,  and  it  is  often  impossible,  even  though  the  gas 
be  freely  pushed,  to  extract  more  than  one  tooth,  without  the 
patient  indistinctly  knowing  something  of  what  is  going  on. 
Our  aim  should  be  to  keep  the  patient's  mind  a  complete  blank 
during  the  operation.  Unpleasant  dreams,  shrieking,  &c,  are 
usually  the  result  of  the  operator  proceeding  with  his  duties 
during  imperfect  anaesthesia.  It  is  far  better  for  a  patient  to 
inhale  nitrous  oxide  on  two  or  more  occasions,  and  to  have  com- 
paratively  little  done  at  each  sitting,  than  for  him  to  experience 
the  discomforts  of  partial  anaesthesia. 

Whether  the  gas  should  be  administered  per  se  or  with  oxygen 
is  a  matter  which  will  be  discussed  in  the  following  chapter  (p.  68). 
By  administering  a  small  quantity  of  oxygen  with  nitrous  oxide  a 
longer  inhalation,  and  therefore  a  longer  anaesthesia,  is  rendered 
possible.  Hence,  if  an  anaesthesia  of  somewhat  longer  duration 
than  usual  is  desired  by  reason  of  the  nature  of  the  operation, 
and  if  the  administrator  has  oxygen  at  his  command,  the  use  of 
a  proper  percentage  of  this  gas  with  the  nitrous  oxide  may  be  of 
signal  benefit. 

Whilst  no  anaesthetic  is  at  present  known  which  can  compare 
with  nitrous  oxide,  with  or  without  oxygen,  for  dental  operations 
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lasting  from  twenty  to  forty-five  seconds,  differences  of  opinion 
exist  as  to  the  most  suitable  anaesthetic  and  method  of  ad- 
ministering it,  when  unconsciousness  of  about  twice  this  duration 
is  required.  An  average  operator  can  extract  two  teeth  or  roots 
of  average  difficulty,  in  an  average  patient,  who  has  been  placed 
fully  under  nitrous  oxide,  without  the  patient  experiencing  any 
pain  or  disagreeable  sensation.  But  suppose  three  or  four  teeth, 
more  or  less  firmly  rooted,  have  to  be  removed  at  one  sitting, 
what  plan  should  be  adopted  by  the  administrator  1  Three 
courses  are  open  to  him,  viz.  :  (i)  to  administer  nitrous  oxide  as 
fully  as  possible,  and,  in  the  event  of  the  anaesthesia  being  of 
insufficient  duration,  to  re-apply  the  face-piece  before  conscious- 
ness returns  :  (2)  to  allow  the  patient  to  return  to  consciousness, 
and  then  to  repeat  the  inhalation  :  or  (3)  to  prolong  the  anaes- 
thesia of  nitrous  oxide  by  the  addition  of  a  small  quantity  of 
ether  vapour  (Part  II.  Chap.  III.).  Bromide  of  ethyl  does  not 
appear  to  be  as  satisfactory  an  anaesthetic  as  its  advocates  would 
have  us  suppose.  It  is,  of  course,  impossible  to  lay  down  rules 
which  will  apply  to  every  case.  Should  the  nature  of  the 
operation  be  such  that  the  patient's  head  can  be  arranged  and 
kept  vertically  in  the  chair,  the  first  of  the  three  plans  may  be 
chosen,  because  the  blood  which  has  escaped  during  the  first  half 
of  the  operation  will,  in  the  vertical  position  of  the  head,  flow 
into  the  floor  of  the  mouth  and  not  to  the  back  of  the  throat. 
This  re-application  of  the  face-piece  during  returning  conscious- 
ness should  not  be  practised  with  the  head  thrown  back ;  but,  if 
a  fui-ther  period  of  anaesthesia  be  necessary,  the  patient  should  be 
allowed  to  come  round,  and,  after  all  haemorrhage  has  ceased, 
more  nitrous  oxide  administered.  This  re-application  of  nitrous 
oxide,  if  quickly  carried  through,  and  if  unattended  by  the 
swallowing  of  blood,  rarely  leads  to  any  after-discomfort  of  the 
patient.  A  double  administration,  however,  with  an  interval  of 
consciousness,  is  more  frequently  followed  by  retching  or  vomit 
ing,  more  especially  if  food  is  present  in  the  stomach,  because 
a  small  quantity  of  blood  or  blood-tinged  saliva  is  liable  to  be 
swallowed  between  the  two  inhalations.  The  addition  of  what 
is  known  as  a  '  whiff '  of  ether  after  nitrous  oxide  answers  well 
when  the  stomach  is  quite  empty,  and  when  care  is  taken  to 
prevent  blood  from  being  swallowed  during  or  immediately  after 
the  operation.  In  my  experience  disagreeable  after-effects,  such 
as  nausea  and  headache,  are  a  trifle  more  common  after  a  small 
quantity  of  ether  than  after  a  double  administration  of  nitrous 
oxide. 

1 1  is  hardly  necessary  to  point  out  that,  whilst  in  some  cases 
a  dozen  or  even  more  teeth  may  be  removed  under  a  single 
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administration  of  nitrous  oxide,  a  single  tooth  or  root  may  present 
such  difficulty  in  extraction  that  the  most  profound  degree  of 
etherisation  for  several  minutes  or  longer  may  be  necessary. 
But  as  it  is  almost  impossible  to  say  with  certainty  what  length 
of  anaesthesia  will  be  required  for  an  apparently  difficult  dental 
operation,  I  am  of  opinion  that  the  patient  should,  in  the  first 
instance,  be  given  the  chance  of  having  the  tooth  or  teeth  re- 
moved under  nitrous  oxide.  It  is  unsatisfactory  to  have  induced 
a  deep  ether  anaesthesia  for  a  tooth  supposed  to  be  liable  to  pre- 
sent great  difficulties  in  its  extraction,  and  to  find  that  it  could 
easily  have  been  removed  under  nitrous  oxide.  Should  the 
operator  fail  to  extract  a  difficult  tooth  under  nitrous  oxide, 
ether  should  be  administered  for  a  sufficient  length  of  time  to 
ensure  a  successful  operation. 

Children. — Children  take  nitrous  oxide  well;  but  as  they 
rapidly  recover  from  its  effects,  and  are  more  susceptible  than 
adults  to  muscular  twitchings  ('  jactitation '),  the  painless  ex- 
traction of  teeth  under  the  influence  of  this  anaesthetic  is  not 
always  an  easy  matter.  The  anaesthesia  produced  by  nitrous 
oxide  in  the  presence  of  oxygen  is  more  satisfactory  in  its  nature 
than  that  of  nitrous  oxide  alone,  as  it  gives  longer  time  to  the 
operator,  and  is  unattended  by  jactitation.  If  anything  more 
than  a  very  short  anaesthesia  is  required,  the  administrator  will 
do  well  to  place  the  little  patient  under  ether,  preceded  by  nitrous 
oxide,  as  described  on  p.  180.  In  employing  nitrous  oxide  for 
children,  it  is  a  good  plan  to  warn  the  friends  of  the  possibility 
of  the  occurrence  of  screaming,  a  not  infrequent  reflex  pheno- 
menon in  these  subjects. 

The  Position  6f  the  Patient. — This  is  of  importance  in 
administering  an  anaesthetic  for  a  dental  operation.  Nitrous 
oxide  and  ether  are  specially  valuable  in  these  cases,  because 
either  or  both  of  them  can  be  safely  administered  to  persons  in 
the  sitting  posture.  The  anaesthetist  should  see  that  his  patient 
is  comfortably  seated  in  the  operating-chair.  His  legs  should  be 
so  adjusted  that,  in  the  event  of  movement  or  opisthotonic 
rigidity  occurring,  the  feet  cannot  become  entangled  in  the  foot- 
rest,  or  the  heels  used  for  supporting  the  arched  body.  The 
patient's  head  should  be  as  vertical  in  the  chair  as  is  compatible 
with  the  convenience  of  the  operator.  "When  the  head  is  thus 
placed  blood  will  flow  into  the  front  of  the  mouth;  the  tongue 
will  not  tend  to  gravitate  backwards ;  stray  teeth,  roots,  or 
portions  of  stopping  will,  if  carelessly  dropped,  remain  on  or  at 
the  side  of  the  tongue  ;  and  coughing  and  retching  from  the 
presence  of  saliva  or  an  enlarged  uvula  will  not  be  liable  to 
occur.    There  are,  of  course,  many  cases,  and  especially  when 
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the  upper  jaw  has  to  be  operated  upon,  in  which  this  position  of 
the  head  cannot  be  adopted.  But  even  in  these  the  administrator 
should  see  that  the  head  is  not  thrown  further  back  than  is 
really  necessary.  When,  from  the  condition  of  the  patient,  the 
A.  C.  E.  mixture  or  chloroform  is  considered  to  be  preferable  to 
nitrous  oxide  or  ether,  the  semi-recumbent  or  recumbent  posture 
should  be  enforced.    Such  cases  are,  however,  extremely  rare. 

Mouth-Props. — Before  administering  an  anaesthetic  for  a 
dental  operation  it  is  customary  to  insert  some  form  of  mouth- 
prop,  in  order  to  avoid  delay  in  separating  the  jaws  when  the 
patient  is  under  the  anaesthetic.  The  plan  is  a  good  one  for  very 
short  operations  (20-60  seconds)  under  nitrous  oxide  or  nitrous 
oxide  and  ether.  But  when  a  more  prolonged  anaesthesia  (1-10 
minutes  or  longer)  is  needed,  a  prop  should  not  be  used.  Anaes- 
thetics are  not  taken  nearly  so  well  when  the  mouth  is  propped 
widely  open  as  when  it  is  closed,  owing  to  the  tongue  being  forced 
towards  the  pharynx,  and  so  favouring  difficult  breathing.  In  a 
very  short  administration  this  difficulty  will  hardly  have  time  to 
come  into  play ;  but  the  case  is  different  when  proceeding  to  deep 
etherisation.  Much  of  the  success  in  the  administration  will 
depend  upon  the  efficiency  and  adjustment  of  the  prop.  The 
mouth-prop  used  should  not  be  liable  to  slip  :  it  should  be  very 
strong  :  it  should  be  simple  in  construction  :  it  should  be  capable 
of  being  quickly  and  thoroughly  cleansed  :  and,  lastly,  it  should 
give  the  operator  as  much  room  as  possible  in  the  mouth.  For 
several  years  I  have  been  attempting  to  devise  a  gag  to  fulfil  all 
these  requirements ;  that  shown  in  Fig.  7,  p.  85,  is  in  my  judg- 
ment the  best.  Corks  are  liable  to  slip,  as  also  are  most  of  the 
ordinary  props  furnished  with  soft  rubber  ends,  and  supplied  by 
the  instrument  makers.  The  former,  moreover,  may  become  so 
compressed  during  masseteric  spasm  that,  when  the  face-piece  is 
removed,  the  mouth  is  not  sufficiently  wide,  and  delay  ensues. 
The  slipping  of  a  prop  during  the  administration  of  nitrous  oxide 
is  a  contretemps  which,  though  trivial  in  itself,  should  be  guarded 
against  as  much  as  possible.  Should  it  occur,  the  best  plan,  as  a 
rule,  is  to  let  the  patient  come  out  of  the  anaesthesia  and  to  re- 
adjust the  prop  more  securely ;  for  if  time  be  taken  up  in  opening, 
with  a  Mason's  gag,  the  mouth  of  a  patient  deeply  under  nitrous 
oxide,  there  may  not  be  a  sufficiently  lengthy  anaesthesia  for 
the  operation  to  be  painlessly  performed.  When  both  sides  of 
the  mouth  have  to  be  operated  upon,  an  attempt  should  be 
made  to  prop  the  mouth  open  with  a  gag  which  will  allow  of  the 
operation  being  performed  without  the  gag  being  removed.  The 
props  of  Figs.  8  and  9,  p.  85,  may  be  used  in  such  cases.  But 
should  there  be  any  chance  of  such  a  prop  slipping,  it  is  better 
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to  employ  one  of  those  shown  in  Fig.  7,  and,  when  the  operator 
has  finished  with  one  side  of  the  mouth,  to  quickly  introduce  a 
Mason's  gag  on  that  side,  at  the  same  moment  that  the  prop  is 
removed  to  allow  of  the  second  half  of  the  operation  being  per- 
formed. Care  must  be  taken,  when  inserting  the  Mason's  gag, 
lest  teeth  be  injured,  or  a  mobile  jaw  dislocated.  All  mouth- 
props  possessing  springs,  joints,  or  other  complications  should  be 
avoided,  not  only  because  of  their  liability  to  break  or  get  out  of 
order,  but  because  of  the  difficulty  of  keeping  them  perfectly 
clean. 

Should  the  patient  have  difficulty  in  opening  the  mouth  special 
care  must  be  exercised  (see  Illust.  Case,  No.  31,  p.  295).  As  a 
general  rule  the  anaesthesia  of  nitrous  oxide  is  not  of  sufficient 
duration  to  allow  of  forcibly  opening  the  mouth  and  of  extracting 
the  offending  tooth.  The  teeth  should  be  separated  as  far  as  the 
patient  can  allow  by  means  of  a  small  pi'op,  Fig.  3,  p.  82,  which 
will  not  slip,  and  gas  followed  by  ether  should  be  given.  When 
the  face-piece  is  removed  the  mouth  may  be  opened  to  the  desired 
extent  by  a  Mason's  gag.  It  should  be  a  cardinal  rule  never  to 
give  an  anaesthetic  to  these  patients  without  either  inserting  a 
small  prop,  or,  should  this  be  impracticable,  without  having  at 
hand  means  for  immediately  separating  the  jaws  should  occasion 
require.  When  the  teeth  can  only  be  separated  to  a  very  slight 
extent,  or  when  the  front  teeth  meet  but  there  is  sufficient  space 
further  back,  it  is  an  excellent  plan  to  insert  a  Mason's  gag  before 
applying  the  face-piece  for  gas,  or  gas  and  ether.  Care  must  be 
taken  to  exclude  air  where  the  pad  of  the  face-piece  crosses  the' 
arms  of  the  gag.  When  a  sufficient  anaesthesia  has  thus  been 
induced  the  mouth  may  be  readily  opened  without  loss  of  time. 

Long"  Dental  Operations. — When  numerous  difficult  teeth 
or  roots  have  to  be  removed  at  one  sitting,  and  an  anaesthesia 
of  some  minutes'  duration  is  needed,  ether  (preceded  by  nitrous 
oxicle  as  described  on  p.  183)  should  be  given  to  its  fullest  extent. 
I  find  it  an  excellent  plan,  in  these  cases,  to  have  at  hand  two 
sponges  attached  to  one  another  by  a  piece  of  string.  One  sponge 
should  be  about  the  size  of  an  average  orange,  the  other  should 
be  smaller.  Both  sponges  should  be  moistened.  When  the 
patient  has  been  thoroughly  anaesthetised,  the  mouth  should* 
be  opened  by  a  Mason's  gag,  and  one  of  the  sponges  passed  to 
the  back'  of  the  throat.  The  sponge  should  not  be  tightly 
jammed  behind  the  tongue,  but  rather  loosely  placed,  out  of 
the  way  of  the  operator.  By  this  simple  procedure  blood  is 
prevented  from  gaining  access  to  the  pharynx,  and  any  loose 
teeth  or  fragments  of  teeth  which  may  fall  from  the  forceps 
will  remain  in  the  oral  cavity.    Breathing  is  little  if  at  all 
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interfered  with  when  the  sponge  is  properly  adjusted.  Directly 
the  operation  is  over  the  sponge  should  be  pulled  out,  and  the 
patient  bent  forwards  in  the  chair  for  the  escape  of  blood  from 
the  mouth. 

C.  OPERATIONS  IN  THE  REGION  OF  THE  NECK  NOT 
INVOLVING  THE  AIR-PASSAGES. 

In  administering  anaesthetics  for  operations  in  the  region  of 
the  neck  the  following  points  must  be  borne  in  mind  : — 

(i.)  Any  embarrassment  in  respiration  will  be  quickly  followed 
by  considerable  venous  turgescence,  which  may  render  the  opera- 
tion more  difficult  of  performance  than  it  would  otherwise  have 
been.  It  is  hence  desirable  to  avoid  all  coughing,  straining,  -and 
hampered  respiration,  by  maintaining  a  deep  anaesthesia. 

(2.)  Ether  leads  to  greater  vascularity,  and  more  especially  to 
greater  venous  engorgement  than  chloroform.  But  when  ether  is 
administered  with  a  sufficient  supply  of  air,  and  when  respiration 
is  regular  and  unembarrassed,  these  inconveniences  are  so  lessened 
that  they  are  not  of  sufficient  magnitude  to  outweigh  the  undoubted 
advantages  of  ether  over  chloroform  for  routine  use.  The  vascu- 
larity under  ether  is  far  greater  in  the  first  ten  minutes  of  the 
operation  than  later  on. 

(3.)  In  some  cases  the  pneumogastric  nerve  may  be  interfered 
with,  and  reflex  phenomena  of  a  more  or  less  threatening  char- 
acter may  possibly  result.1  I  have  met  with  two  or  three  cases 
bearing  upon  this  point  (see  Illust.  Cases,  No.  32,  p.  304,  No.  38, 
p.  318,  and  No.  39,  p.  319). 

In  operations  upon  the  neck  the  pupils  are  often  very  mobile, 
and  persistent  dilatation  is  frequently  met  with,  more  especially 
during  the  removal  of  deeply  seated  glands. 

It  is  said  that  there  is  a  danger  from  the  entry  of  air  into 
veins  during  these  operations ;  but  there  is  very  little  evidence 
in  favour  of  this  view  (see  p.  227). 

Recovery  from  the  effects  of  the  anaesthetic  may  be  more  tardy 
than  usual  after  neck  operations,  owing  to  the  tight  bandaging 

1  Mr.  Jacobson  ('Operations  of  Surgery'  1st  edition,  p.  451)  says,  with 
regard  to  deep-seated  operations  in  the  neck,  "  Throughout  these  operations 
which  may  necessarily  be  prolonged  and  attended  with  loss  of  blood,  and  in 
which  important  parts  may  be  disturbed  and  pulled  upon,  the  surgeon  should 
keep  himself  informed  as  to  the  effects  of  the  ancesthetic."  And  Mr.  Edmund 
Owen  {Practitioner,  Nov.  1891,  p.  324)  quotes  two  cases  in  which  it  is 
probable  that  the  dangerous  conditions  met  with  were  of  reflex  (vagal) 
origin. 
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which  is  often  necessary.  The  anaesthetist  should  not  leave  his 
patient  till  distinct  signs  of  returning  consciousness  have  been 
manifested. 

D.  OPERATIONS  INVOLVING  THE  PLEURA  OR  LUNG. 

Patients  requiring  these  operations  are,  as  a  rule,  suffering  at 
the  time  from  respiratory  difficulties  more  or  less  pronounced. 
The  reader  is  therefore  referred  to  the  previous  chapter  (p.  23) 
for  remarks  bearing  upon  the  use  of  anaesthetics  in  persons  thus 
affected.  But  although  the  condition  of  the  patient  should 
primarily  occupy  our  attention,  we  must  also  take  into  account 
the  possibility  of  circulatory  or  respiratory  difficulties  occurring  in 
connection  with  the  operation  itself. 

The  position  of  the  patient  in  these  cases  is  a  matter  of  import- 
ance. Should  the  lateral  position  be  necessary,  the  affected,  or 
more  affected  side  should,  if  possible,  be  lowermost,  in  order  to 
allow  of  the  free  expansion  of  the  healthier  lung.  Unfortunately 
many  operations  upon  the  pleura  or  ribs  cannot  be  performed 
unless  the  affected  side  is  uppermost,  or  the  patient  is  lying 
almost  prone.  The  prone  or  semi-prone  position  is  an  unsatis- 
factory one  under  any  circumstances,1  as  it  is  liable  to  interfere 
with  respiration ;  but  it  is  more  especially  hazardous  when  a 
considerable  proportion  of  the  trunk-weight  is  allowed  to  tell 
upon  the  only  efficient  lung.  The  administrator  should,  at  all 
events,  induce  anaesthesia  whilst  the  patient  is  lying  in  a  favour- 
able position ;  and  then  observe  whether  any  effects  follow  the 
change  of  posture.  In  chronic  cases,  in  which  the  healthier  lung 
has  become  enlarged  and  accustomed  to  increased  work,  the 
position  of  the  patient  is  not  of  nearly  so  much  importance  as  in 
more  recent  cases. 

When  a  purulent  or  gangrenous  cavity  of  the  lung  or  pleura 
communicates  with  the  bronchi,  coughing  must  be  avoided ;  other- 
wise respiration  may  become  embarrassed  by  pus  or  gangrenous 
matter  obstructing  the  air-ways. 

During  the  withdrawal  of  fluid  from  the  pleural  cavity  the 
circulation  of  the  patient  should  be  watched,  and  any  signs  of 
failure  reported  to  the  operator.  Syncope  is  said  to  have  occurred 
from  the  sudden  return  of  the  heart  towards  its  proper  position. 
I  myself  have  never  witnessed  any  symptoms  of  this  nature. 

Operations  upon  the  lung  may  be  attended  by  haemoptysis 
during  the  administration,  and  it  is  hence  especially  desirable, 
in  such  operations,  to  keep  the  patient  upon  his  affected  side,  so 

1  See  remarks,  p.  32. 
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that  the  bronchi  of  the  unaffected  lung  may  remain  as  free  as 
possible  for  respiratory  purposes. 

With  regard  to  the  most  appropriate  anaesthetic,  it  is  difficult 
to  lay  down  definite  rules.  The  condition  of  the  patient  must  be 
the  chief  guide.  From  the  point  of  view  of  the  surgeon  chloro- 
form is  preferable  to  ether;1  but  there  are  many  cases  in  which 
this  latter  anaesthetic  should  be  used  in  preference  to  chloroform. 
Whenever  possible  ether  or  an  ether  mixture  should  be  chosen ; 
for  although  it  may  cause  some  increase  in  the  difficulty  of 
breathing,  the  circulation  will  be  well  maintained  (see  Illust.  Case, 
No.  8,  p.  174). 

E.  ABDOMINAL  OPERATIONS. 

The  success  of  many  abdominal  operations  is  not  a  little  de- 
pendent upon  how  the  patient  behaves  under  the  anaesthetic,  and 
ujDon  the  after-effects  of  the  agent  employed.  Laboured  or  jerky 
respiratory  movements  greatly  interfere  with  many  delicate 
operations  within  the  abdomen ;  and  coughing,  retching,  or 
vomiting  are  equally  inconvenient  to  the  operator,  and  should 
be  studiously  kept  in  abeyance.  Owing  to  the  fact  that  under 
ether  respiration  is  somewhat  deeper,  quicker,  and  more  liable  to 
temporary  interruptions  than  under  chloroform,  many  surgeons 
prefer  the  latter  anaesthetic,  and  some  go  so  far  as  to  consider 
ether  wholly  inapplicable  in  abdominal  surgery.  But  the  behaviour 
of  the  patient  under  ether  is  greatly  dependent  upon  the  manner 
in  which  the  anaesthetic  is  administered.  I  have  often  seen 
ether  given  without  the  patient  ever  having  been  really  surgi- 
cally anaesthetised  during  the  operation.  Movement,  incessant 
cough,  occasional  retching,  and  possibly  vomiting  have  one  and 
all  testified  to  the  faulty  administration.  There  are  some  ex- 
ceptional cases  in  which  ether  is  not  well  borne.  But  in  the 
large  majority  of  cases  none  of  these  difficulties  should  arise. 
If  the  administrator  employ  the  asphyxial  element  of  etherisa- 
tion in  too  great  a  degree,  or  keep  the  patient  too  deeply  anaesthe- 
tised, the  respiration  will  be  laboured  and  jerky ;  whilst  if  he 
err  in  the  opposite  direction  he  will  run  a  risk  of  allowing  the 
abdominal  muscles  to  become  rigid,  and  the  patient  to  cough  and 
strain.  He  must  hit  off  the  happy  mean  in  each  case ;  and  with 
care  it  will  be  possible  to  secure  a  quiet  and  satisfactory  anaes- 
thesia in  nearly  all  cases.    Many  operators  urge  that  vascularity, 

1  Mr.  Pearce  Gould,  who  has  had  considerable  experience  in  the  surgery  of 
the  lung  and  pleura,  tells  me  that  he  much  prefers  chloroform  to  ether  for  tuch 
operations. 
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haemorrhage,  and  oozing  are  greater  during  the  use  of  ether 
than  when  chloroform  is  being  employed.  This  is  doubtless  the 
case,  but  the  difference  is  not  very  great.  I  have  frequently 
know  n  surgeons  complain  of  excessive  vascularity  whilst  chloro- 
form was  being  used ;  and,  on  the  other  hand,  whilst  adminis- 
tering ether,  I  have  been  told  by  the  operator  that,  had  he  not 
known,  he  would  have  concluded  from  the  general  appearance 
of  the  parts  that  chloroform  was  being  given.  Some  surgeons 
who  have  discarded  chloroform  for  ether  in  abdominal  surgery 
believe  that,  though  the  vascularity  at  the  time  of  the  operation 
is  somewhat  greater  than  under  chloroform,  the  chance  of  any 
secondary  haemorrhage  almost  disappears  when  ether  has  been 
used.  Furthermore,  there  is  good  reason  to  believe  that  the 
comparatively  slight  vascularity  often  noticed  under  chloroform 
is  sometimes  connected  with  an  undesirable  degree  of  cardiac 
depression — such  a  degree  as  is  best  avoided.  If  the  pulse  at 
the  wrist  is  full,  soft,  and  regular,  as  it  should  be,  and  the  lips 
and  cheeks  are  of  good  colour,  the  surgeon  may  have  trouble  from 
haemorrhage  even  under  chloroform.  If,  however,  as  is  often  the 
case  with  chloi-oform,  the  patient's  circulation  is  not  very  satis- 
factory, haemorrhage  will  be  less,  and  the  operation  easier  of 
performance.  Then  again,  some  operators  object  to  ether  in 
these  cases  because  of  the  greater  frequency  of  vomiting  after 
its  use.  Although  we  must  admit  that  retching  is  more  often 
met  with  after  ether  than  after  chloroform,  such  retching  usually 
occurs  before  the  patient  has  regained  consciousness,  and  does 
not  persist.  Chloroform  sickness  comes  on  later,  and  when  it 
does  arise  is  far  more  frequently  persistent  than  the  nausea  and 
vomiting  after  ether.  Although  we  must  admit  that,  from  the 
operator's  point  of  view,  ether  is  not  quite  so  satisfactory  an 
anaesthetic  as  chloroform  in  abdominal  surgery,  we  have  yet  to 
decide  whether  the  case  is  sufficiently  strong  in  favour  of  the 
latter  agent  to  justify  us  in  recommending  to  the  unskilled  as 
well  as  to  the  skilled  an  anaesthetic  which,  so  far  as  the  safety  of 
the  patient  is  concerned,  is  inferior  to  ether. 

In  administering  an  anaesthetic  for  acute  intestinal  obstruc- 
tion the  anaesthetist  incurs  no  small  share  of  responsibility  in  the 
case.  This  has  been  already  pointed  out  in  the  preceding 
chapter  (p.  28).  Patients  with  obstruction  of  the  bowels  are 
not  good  subjects  for  general  anaesthesia.1    The  administrator 

1  We  are  indebted  to  Mr.  Greig  Smith  for  some  valuable  remarks  in  this 
-connection.  (See  Brit.  Med.  Joum.,  March  12,  1S92,  for  an  abstract  of  Mr. 
Greig  Smith's  paper  which  was  read  before  the  Ruy.  Med.  and  Chir.  Soc, 
on  March  8,  1892,  and  was  entitled  'Enterostomy  in  Intestinal  Obstruction.') 
The  writer  urges  that  general  anaesthesia  should  never  be  induced  when  the 
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should  make  it  a  rule  to  keep  the  patient's  head  well  upon  its 
side  throughout;  for  vomiting  comes  on  very  quietly  in  these 
cases,  and  if  the  anaesthetist  he  not  on  the  watch  he  may  suddenly 
find  his  patient  verging  on  asphyxiation  from  ejected  fluids 
having  entered  the  larynx.  When  there  is  a  tendency  to  closure 
of  the  jaws,  and  the  upper  and  lower  teeth  meet  accurately,  a 
little  mouth-pi'op  (Fig.  3,  p.  82)  may  be  kept  in  position  with 
advantage,  in  order  that  the  mouth  may  at  once  be  opened  and 
cleared  if  necessary.  Another  point  worthy  of  mention  is  that 
patients  requiring  these  operations  will  often  be  found  to  be 
partly  under  the  influence  of  morphine  or  opium.  The  anaes- 
thetist should  ascertain  this  point;  and,  should  an  opiate  have 
been  given,  very  little  of  the  anaesthetic  will  be  needed  (see 
remarks  on  p.  273).  Ether  often  cannot  be  employed  when  the 
abdomen  is  very  greatly  distended  and  the  respiration  hurried ; 
the  best  anaesthetic  under  such  circumstances  appears  to  be  the 
A.  C.  E.  mixture,  given  upon  a  Skinner's  mask,  as  described  in 
Illust.  Case,  No.  18,  p.  247.  Should  ether  be  preferred,  and  it 
may  often  be  advantageously  chosen  for  the  more  chronic  cases, 
the  asphyxial  element  of  the  bag  inhaler  must  be  used  with 
caution.  If  the  patient  be  very  weak  the  open  method  should  be 
employed. 

It  is  usuallv  taught  that  there  is  some  risk  of  heart  failure 
during  the  evacuation  of  fluid  from  a  distended  abdomen.  I 
have  never  seen  any  symptoms  of  this  nature,  although  I  have 
watched  for  them.  I  should  add,  however,  that  as  a  general  rule 
the  patients  have  at  the  time  either  been  under  ether  or  a 
mixture  containing  ether.  In  my  experience  the  respiration,  and 
with  it  the  pulse,  has  always  improved  during  and  immediately 
after  the  evacuation  of  fluid  (see  Illust.  Case,  No.  17,  p.  247). 

Operations  within  and  about  the  pelvic  cavity  are  particularly 
prone  to  set  up  loud  crowing  inspiration.  I  have  met  with  this 
condition  in  many  cases  of  removal  of  the  vermiform  appendix, 
in  other  intestinal  operations,  and  in  ovariotomy.  It  is  far  more 
common  in  florid  and  in  moderately  healthy  subjects  than  in 
feeble  persons  (see  p.  221).  Hiccough,  too,  may  give  some 
trouble  during  the  use  of  anaesthetics  in  patients  suffering  from 
intestinal  obstruction  (see  p.  282). 

With  regard  to  the  depth  of  anaesthesia  necessary  in^abdo- 

stomach  is  full  of  fluid.  The  stomach  should  be  artificially  evacuated  ;  or  a 
local  anaesthetic  employed.  He  further  advises  that  only  a  light  form  of 
ancesthesia  should  be  induced  for  the  incision  of  the  parietes,  and  that  the 
patient  should  then  be  allowed  to  come  round.  Many  speakers  on  Mr.  Greig 
Smith's  interesting  paper  agreed  that  manipulation  of  the  intestine  could  be 
conducted,  comparatively  speaking,  without  pain. 
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minal  operations,  everytliiug  will  depend  upon  the  condition  of  the 
patient.  Should  the  general  health  he  good,  as  is  often  the 
case  when  ovariotomy  or  oophorectomy  has  to  be  performed,  very 
deep  anaesthesia  should  be  maintained  throughout,  even  till  the 
last  stitch  has  been  put  in  j  but  should  the  patient  be  feeble  or 
exhausted,  a  lighter  anaesthesia  may  with  safety  be  maintained. 

There  is  one  more  point  worth  mentioning  in  connection  with 
abdominal  surgery.  I  refer  to  flushing  out  the  abdomen  with 
hot  water.  This  procedure  usually  improves  the  respiration,  the 
pulse,  and  the  colour  of  the  patient,  whilst  it  not  uncommonly 
sets  up  a  reflex  crowing  condition  of  the  breathing.  But  after 
the  flushing  is  over  the  pulse  is  apt  to  flag ;  and  I  have  known 
rather  disconcerting  symptoms  to  be  thus  initiated. 

F.  OPERATIONS  UPON  THE  GENITO  URINARY  ORGANS 

AND  RECTUM. 

In  these  operations  a  very  profound  anaesthesia  is,  generally 
speaking,  necessary.  This  is  principally  owing  to  the  fact  that 
the  genito- urinary  organs  and  rectum  are  richly  supplied  with 
nerves  whose  sensibility  is  often  exaggerated  by  the  presence 
of  a  morbid  condition.  Moreover,  patients  suffering  from  these 
affections  are  often  highly  nervous  and  peculiarly  sensitive,  or 
unhinged  by  continued  pain  and  sleeplessness.  Reflex  pheno- 
mena, such  as  loud  crowing  inspiration,  '  hesitating '  expiration, 
general  muscular  rigidity,  &c,  are  therefore  more  than  usually 
prone  to  make  their  appearance.  The  patient  should  never  be 
touched  by  the  surgeon  till  stertor,  relaxation,  and  other  signs  of 
a  deep  narcosis  are  present. 

There  is  little  worthy  of  special  notice  concerning  operations 
upon  the  external  genital  organs  beyond  what  has  just  been 
said.  In  the  surgery  of  the  bladder,  however,  the  administra- 
tion of  the  anaesthetic  becomes  a  matter  of  no  small  importance. 
Straining,  attempted  vomiting,  jerky  breathing,  and  struggling 
are  almost  as  inconvenient  during  vesical  examinations  and 
operations  as  in  abdominal  sections ;  and  it  is,  therefore,  the 
duty  of  the  anaesthetist  to  avoid,  as  far  as  possible,  all  such 
symptoms.  Moreover,  when  the  bladder  is  distended  during 
lithotrity,  or  supra-pubic  lithotomy,  there  is,  as  pointed  out  by 
Mr.  Buckston  Browne,1  a  distinct  risk  of  the  organ  giving  way 
should  the  patient  struggle  or  violently  strain  during  the  opera- 

1  This  point  was  referred  to  by  Mr.  Buckston  Browne  during  the  discussion 
on  a  paper  which  he  read  before  the  Med.  Soc.  on  April  13,  1S91  (Proc.  Mai 
Soc,  vol.  xiv.  1891,  p.  359). 
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tion.  Patients  suffering  from  bladder  affections  are  usually 
elderly,  and  are  not  infrequently  the  subjects  of  obesity,  em- 
physema, and  chronic  bronchitis ;  in  other  words,  they  are  not 
always  the  easiest  patients  to  anaesthetise.  Should  the  operator  find 
it  necessary  to  place  a  pillow  under  the  loins  the  resources  of  the 
anaesthetist  may  still  further  be  taxed  by  reason  of  the  additional 
difficulty  thereby  imposed  upon  the  act  of  respiration.  Dis- 
tension of  the  bladder  in  a  patient  whose  breathing  is  principally 
diaphragmatic  will  at  once  increase  the  rate  and  depth  of  respira- 
tion. I  know  of  no  greater  problem  in  the  administration  of 
anaesthetics  than  that  of  keeping  the  breathing  of  an  emphyse- 
matous patient  sufficiently  tranquil  to  meet  the  requirements  of 
the  operator,  when  the  bladder  and  rectum  have  been  artificial 
distended  preparatory  to  a  supra-pubic  operation.  It  is  in  such 
■cases  as  these  that  ether  is  quite  inadmissible,  and  the  A.  C.  E. 
mixture  or  chloroform  becomes  necessary. 

In  operations  upon  the  kidney  there  is  often  considerable 
tendency  to  surgical  shock,  and  as  a  general  rule  ether  is  there- 
fore preferable  to  chloroform.  The  shock  is  likely  to  be  greater 
in  feeble  than  in  moderately  healthy  persons  (see  Illust.  Cases, 
No-  35.  P-  3l6>  and  No.  41,  p.  321). 

A  few  words  may  be  said  concerning  the  use  of  ansesthetics  in 
rectal  surgery.  Full-blooded,  well-nourished  patients  and  those 
in  average  health  pass  through  these  operations  without  giving 
any  anxiety  to  the  anaesthetist,  always  provided  that  ether  be 
employed,  and  the  deepest  anaesthesia  maintained.  But  there 
is  a  certain  type  of  patient,  with  whom  every  surgeon  who  has 
had  much  experience  in  this  department  must  be  familiar,  who 
requires  careful  handling.  He  is  rather  pale  from  occasional 
loss  of  blood,  of  spare  build,  and  from  having  been  greatly  over- 
worked and  over-taxed  in  his  profession  or  business,  and  worried 
by  his  rectal  disorder,  he  has  become  nervous,  and  altogether 
unhinged.  Such  a  patient  may  show  signs  of  feeble  circulation 
during  or  after  the  use  of  the  anaesthetic.  The  symptoms  are 
probably  reflex  in  character  (see  p.  316). 

Unless  contra-indicated  by  the  condition  of  the  patient,  ether 
should  invariably  be  used  in  all  cases  of  this  group. 

G.  OPERATIONS  INVOLVING  THE  BRAIN  AND  ITS 
MEMBRANES. 

Patients  about  to  be  subjected  to  these  operations  are 
sometimes  more  or  less  drowsy  or  comatose  at  the  time  of 
administration ;  and  the  anaesthetist  should  therefore  carefully 
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.ascertain  the  exact  condition  of  the  patient  hefore  giving  the 
anaesthetic  (see  p.  273).  So  far  as  the  actual  performance  of  the 
operation  is  concerned,  the  best  results  appear  to  have  been  ob- 
tained by  the  use  of  chloroform  and  morphine.  Professor  Victor 
Ilorsley  was  the  first  to  introduce  this  practice  into  cerebral  sur- 
gery, and  he  speaks  very  highly  of  the  advantages  which  it 
possesses  in  lessening  cerebral  congestion.  But,  as  will  be  sub- 
sequently shown  when  discussing  the  effects  of  morphine  in 
conjunction  with  anaesthetics  (Part  II.  Chap.  VIII.),  this  mixed 
narcosis  is  by  no  means  free  from  grave  objections,  more  especially 
when  drowsiness  is  present.  Should  a  preliminary  injection  of 
morphine  have  been  given,  the  anaesthetist  should  administer 
chloroform  in  small  quantities  at  a  time,  and  attempt  to  secure 
an  analgesic  rather  than  a  true  anaesthetic  state.  Should  no- 
morphine  have  been  administered,  deep  anaesthesia  will,  at  all 
events  at  first,  be  necessary.  I  have  often  given  the  A.  C.  E. 
mixture  (not  preceded  by  morphine)  for  these  operations  with 
satisfactory  results.  Ether,  too,  has  been  used  in  a  large  number 
of  cerebral  operations,  and  with  success,  so  far  as  the  behaviour 
of  the  patient  under  the  anaesthetic,  and  the  subsequent  recovery 
have  been  concerned.  But  owing  to  the  somewhat  greater  vas- 
cularity of  the  brain  and  its  meninges  during  the  use  of  ether> 
this  anaesthetic  is  by  many  regarded  as  inferior  to  others  from 
the  operator's  point  of  view. 


H.  PARTURITION  AND  OBSTETRIC  OPERATIONS. 

Of  all  the  anaesthetics  at  present  known,  chloroform  is  the 
most  suitable  for  administration  during  natural  labour.  It 
quickhy  produces  an  analgesic  state  without  materially  affecting 
uterine  contractions.  The  patient  passes  into  a  dreamy  condition, 
with  rather  deep  respiration,  and  a  pleasant  feeling  of  numbness 
in  the  extremities.  Speaking  generally,  chloroform  should  not 
be  pushed  beyond  this  point.  It  is  not  desirable  to  commence 
the  administration  until  there  is  distinct  evidence  that  true  labour 
pains  have  begun.  When  the  patient  shows  by  her  movements 
that  a  pain  is  approaching,  chloroform  should  be  applied ;  as  little 
as  possible  given  ;  and  even  before  the  '  pain  '  lias  actually  passed 
off  the  anaesthetic  should  be  withdrawn.  The  patient  should  be 
allowed  to  recover  completely  from  the  analgesic  effects  of  the- 
drug  between  the  '  pains  '';  and  in  these  periods  food  or  stimulants 
may  be  taken.  During  the  expulsion  of  the  footus  Spiegelberg1 
recommends  that  consciousness  should  be  allowed  to  return  in. 

1  A  'Text-book  of  Midwifery'  (New.  Syd.  Soc),  vol.  i.  p.  26S. 
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order  to  lessen  the  risk  of  the  perinaeum  becoming  ruptured. 
Most  obstetricians  agree  that  if  chloroform  be  given  more  deeply 
than  is  here  suggested  there  is  a  risk  not  only  of  uterine  inertia, 
and  a  prolongation  of  the  labour  ensuing,  but  of  postpartum 
haemorrhage,  more  especially  in  persons  predisposed  to  this  con- 
dition. Chloroform  should  not  be  employed  when  the  uterine 
contractions  are  feeble,  when  small  doses  of  the  drug  appear  to 
retard  labour,1  or  when  any  great  respiratory  difficulty  is  present. 

When  true  surgical  anaesthesia  is  required,  as  for  turning, 
instrumental  delivery,  craniotomy,  and  other  operations,  ether 
should,  as  a  general  rule,  be  given.  Though  the  use  of  chloro- 
form in  analgesic  doses  during  labour  may  be  said  to  be  free  from 
risk,  there  is  no  reason  to  suppose  that  when  this  anaesthetic  is 
pushed  to  its  fullest  degree  this  almost  absolute  immunity  from 
danger  is  to  be  relied  upon.*2  But  seeing  that  chloroform  has 
been  very  largely  used  for  obstetric  operations  requiring  deep 
anaesthesia,  and  that  very  few  fatalities  have  occurred,  it  would 
seem  that  there  must  be  some  explanation  of  this  great  freedom 
from  accident.  When  fatalities  under  chloroform  have  occurred 
in  surgical  practice  at  the  very  outset  of  the  inhalation,  i.e.,  before 
consciousness  has  been  lost,  the  elements  of  fright  and  appre- 
hension have  possibly  been  at  work.  These  elements  are,  as  a 
rule,  wholly  absent  when  chloroform  is  given  to  relieve  the  pains 
of  labour.  The  patient  is  occupied  with  her  suffering,  and  the 
prospect  of  speedy  relief  from  pain  gives  rise  to  a  feeling  of 
comfort  rather  than  to  one  of  alarm.  The  view  that  the  physio- 
logical hypertrophy  of  the  heart  enables  this  organ  to  cope  with 
any  undue  strain  which  may  be  imposed  upon  it  is  probably  quite 
erroneous.  A  very  large  proportion  of  those  who  have  succumbed 
under  chloroform  have  had  healthy  and  vigorous  hearts.  More- 
over, the  clinical  fact  is  established  beyond  doubt  that,  in  surgical 
practice,  the  best  subjects  for  chloroform  are  those  whose  general 
vital  functions  are  somewhat  impaired  by  illness.  In  the  com- 
paratively few  cases  in  which  I  have  myself  administered  chloro- 
form to  its  full  extent  during  or  immediately  after  labour,  the 
patients  have  certainly  taken  it  remarkably  well.  There  has 
seemed  to  be  a  fuller  and  better  circulation  and  respiration  than 
in  ordinary  cases.  Dr.  Lombe  Atthill,3  who  has  had  forty  years' 
experience  with  chloroform  in  obstetric  practice,  suggests  the 

1  For  further  information  I  would  refer  the  reader  to  Dr.  Galabin's  practical 
remark?.    See  'A  Manual  of  Midwifery,'  2nd  edition. 

-  It  is  a  mistake  to  suppose  that  chloroform  accidents  during  child-birth 
are  unknown.  See  a  fatal  case,  Lancet,  Feb.  2,  1889,  p.  249.  The  adminis- 
trator had  given  chloroform  400  times  before. 

J  Brit.  Med.  Journ.,  Jan.  16,  1892,  p.  no. 
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possibility  of  the  safety  being  due  to  the  fact  that  "in  these 
cases  the  involuntary  expulsive  efforts  seldom  entirely  cease,  and 
as  at  the  expiration  of  each  of  these,  comparatively  deep  inspira- 
tion follows,  it  may  tend  to  prevent  asphyxia.  .  .  ."  Mr.  A.  II. 
Tubby1  very  aptly  harmonises  Dr.  AtthilPs  clinical  facts  with 
recent  physiological  teaching ;  and  his  remarks  are  very  interest- 
ing. There  can  be  no  doubt  that  in  many  cases  in  which  chloro- 
foi  •m  produces  unsatisfactory  effects,  the  difficulty  seems  to  be  one 
arising  in  the  first  instance  from  feeble  respiratory  movements, 
and  consequently  an  inadequate  pulmonary  circulation.  The 
deep  respirations  of  labour  would  obviate  this  sluggish  pulmonary 
circulation  by  emptying  the  right  heart  more  efficiently. 

J.  OPHTHALMIC  OPERATIONS. 

In  ophthalmic  surgery  very  deep  narcosis  is  necessary.  Im- 
perfectly developed  anaesthesia  is  not  only  liable  to  be  attended 
by  movement,  closure  of  the  lids,  and  other  inconveniences, 
which  themselves  would  interfere  with  the  performance  of  the 
operation,  but  by  coughing,  straining,  and  vomiting,  which,  in 
cases  of  this  class,  may  readily  cause  expulsion  of  the  vitreous. 
As  a  general  rule  ether  is  the  best  anaesthetic,  and  it  should 
be  preceded  by  nitrous  oxide  (Part  II.  Chap.  III.),  or  a  small 
quantity  of  the  A.  C.  E.  mixture  (Part  II.  Chap.  VI.).  The  opera- 
tion should  not  be  commenced  till  the  patient  has  exhibited  all 
the  signs  of  profound  anaesthesia  for  some  two  or  three  minutes. 
Should  ether  be  badly  borne  the  A.  C.  E.  mixture  may  be  sub- 
stituted. When  ether  is  contra-indicated  from  the  patient's 
condition  the  A.  C.  E.  mixture  may  be  used  from  the  first,  and 
will  be  found  to  answer  well,  more  especially  in  middle-aged 
or  elderly  persons.  Nitrous  oxide  is  not  a  satisfactory  anaes- 
thetic for  these  delicate  operations.  The  quiet  breathing  and 
usual  freedom  from  cough  which  characterise  chloroform  anaes- 
thesia, have  led  to  the  rather  wide  employment  of  this  agent  in 
ophthalmic  surgery;  but  the  frequency  with  which  alarming  syn- 
cope has  arisen,  more  especially  during  operations  for  strabismus, 
should  make  us  very  chary  in  employing  chloroform.2 

1  Brit.  Med.  Joum.,  Jan.  30,  1892,  p.  no. 

2  Mr.  Brudenell  Carter,  in  a  very  able  letter  to  the  Lancet  (Aug.  7,  1875, 
p.  227),  strongly  advocates  the  use  of  ether  in  preference  to  chloroform  in 
ophthalmic  practice,  and  refers  to  a  surgeon  who  lost  sixteen  patients  under 
chloroform  administered  for  operations  upon  the  eye. 
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K.    MANIPULATIONS    AND    OPERATIONS  REQUIRING 
PARTICULAR  STATES  OF  THE  MUSCULAR  SYSTEM. 

Very  complete  muscular  flaccidity  is  essential  for  the  examina- 
tion of  stiff  and  painful  joints,  the  reduction  of  dislocations, 
and  the  setting  of  fractures.  It  is  equally  important,  too,  when 
the  abdomen  has  to  be  examined  from  without,  or  abdominal 
section  performed,  that  all  rigidity  should  be  absent.  There  is 
-a  general  belief  that  ether  is  far  inferior  to  chloroform  when 
muscular  relaxation  is  needed.  But  ether,  if  properly  managed 
and  freely  pushed,  will  almost  invariably  produce  the  desired 
degree  of  flaccidity.  Ether  certainly  seems  specially  called  for 
in  reducing  dislocations  of  the  shoulder,  for  chloroform  has, 
curiously  enough,  proved  particularly  lethal  during  this  opera- 
tion.1 Ether  not  infrequently  appears  to  fail  to  produce  com- 
plete relaxation ;  whereas  the  true  cause  of  the  failure  is  a 
deficient  supply  of  air.  Should  the  air-way  of  the  patient  be 
inadequate,  muscular  rigidity  will  often  manifest  itself,  but  will 
pass  off  when  the  mouth  is  propped  open,  or  other  appropriate 
measures  taken.  If  the  rigidity  persist,  the  administration 
should  be  persevered  in,  and  after  a  while  (10-15  minutes)  the 
desired  condition  will  be  reached.  Time  is  the  only  remedy  in 
many  cases.  Should  the  muscular  rigidity  persist  even  after  ten 
minutes  or  so  of  deep  etherisation,  I  have  found  it  best  to 
wholly  discontinue  the  ether  for  a  minute  or  two,  when  the 
muscular  system  will  often  quite  suddenly  relax,  probably  from 
the  better  air  supply.  Should  this  plan  fail,  a  few  drops  (m.  x 
or  so)  of  chloroform  sprinkled  on  lint  will  usually  quickly  suc- 
ceed, and  the  ether  may  be  subsequently  re-applied  and  continued 
without  further  trouble.  In  very  alcoholic  subjects  I  have,  on 
one  or  two  occasions,  failed  to  secure  complete  abdominal  relaxa- 
tion, not  only  with  ether  but  with  chloroform  in  large  doses. 

1  Lisfranc,  Verneuil,  Bockel,  and  Guillon  have  all  drawn  attention  to  this 
fact.  They  believe  the  fatalities  to  have  arisen  in  consequence  of  the  "unfavour- 
able position  of  the  patient"  during  the  administration,  by  which  I  suppose 
they  mean  that  respiration  is  likely  to  be  interfered  with  during  the  necessary 
manipulations.  We  must  remember,  too,  that  complete  relaxation  is  always 
essential,  in  other  words,  that  the  anaesthetic  has  to  be  pushed  very  freely  ; 
that  the  subjects  of  dislocated  shoulder  are  often  men  who  have  met  with 
the  accident  whilst  under  the  influence  of  alcohol  ;  that  food  is  likely  to  In- 
present  in  the  stomach  when  anaesthesia  is  induced  ;  and,  lastly,  that  the 
administration  is  not  infrequently  left  in  unskilled  hands.  These  facts, 
together  with  the  suggestion  made  by  the  above  observers,  seem  to  me  to 
point  to  the  necessity  for  considerable  caution  in  administering  chloroform 
for  the  reduction  of  a  dislocated  shoulder. 
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These  cases  are,  however,  extremely  rare.  Nitrous  oxide  is  not 
a  suitable  anaesthetic  when  muscular  relaxation  is  desired. 

In  most  pases  of  tenotomy,  muscular  rigidity  at  the  moment 
of  section  is  an  advantage,  and  hence,  when  the  operation  is 
only  likely  to  last  a  short  time,  nitrous  oxide  is  particularly 
appropriate. 

L.  OTHER  OPERATIONS,  PROCEDURES,  OR  CONDITIONS 
FOR  WHICH  ANESTHETICS  MAY  BE  REQUIRED. 

There  is  nothing  worthy  of  special  remark  concerning  the  use 
of  anaesthetics  during  other  surgical  operations  and  procedures. 
A  few  words  may,  however,  he  said  with  regard  to  the  induction 
of  partial  or  complete  anaesthesia  for  the  relief  of  certain  painful, 
spasmodic,  or  convulsive  conditions. 

General  anaesthetics,  and  more  particularly  chloroform,  are 
sometimes  employed  in  renal  colic,  biliary  colic,  and  other 
acutely  painful  seizures.  In  such  cases  the  selected  agent 
should  be  administered  in  analgesic  rather  than  in  anaesthetic 
doses,  and,  as  when  exhibiting  chloroform  in  normal  labour 
(P-  54))  Pain  should  be  relieved  without  wholly  destroying 
consciousness. 

Chloroform  has  been  very  extensively  used  in  the  treatment  of 
puerperal  eclampsia.  In  these  cases  it  is  necessary  to  push  the 
administration  somewhat  more  freely  than  when  the  mere  relief 
of  pain  is  desired.  Dr.  Galabin  1  makes  the  following  practical 
remarks  :  "  At  first  the  patient  may  be  brought  pretty  fully 
under  the  influence  of  the  drug,  but  afterwards  it  may  be  given 
only  from  time  to  time,  and  in  partial  degree.  Any  premonitory 
signs  of  a  paroxysm,  such  as  increased  muscular  restlessness, 
more  rapid  breathing,  or  contraction  of  the  pupils,  are  indica- 
tions for  giving  more  of  the  chloroform,  and  so,  a  fortiori,  is  the 
recurrence  of  a  fit.  When  chloroform  is  given  judiciously,  in 
this  partial  degree,  the  administration  may  be  continued  for 
hours  together,  without  clanger."  Dr.  Playfair  -  points  out  that 
chloroform  occasionally  fails  to  control  the  paroxysms.  The 
same  author  states  that  the  use  of  an  anaesthetic  is  contra  - 
indicated  when  the  patient  is  cyanosed.  Spiegel  berg  3  refers  to 
a  case  in  which  sudden  death  took  place  during  the  use  of  chloro- 
form for  puei-peral  eclampsia. 

Chloroform  quickly  relieves  the  spasms  of  strychnine  poisoning. 

1  '  A  Manual  of  Midwifery,'  2nd  edition,  p.  324. 

-  'Science  and  Practice  of  Midwifery,'  vol.  ii.  6th  edition. 

u  '  A  Text-Book  of  Midwifery'  (Sydenham  Society),  p.  220. 
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In  some  of  the  recorded  cases  it  was  only  necessary  to  give  the 
drug  in  analgesic  doses ;  1  whilst  in  others  deep  anaesthesia  was 
produced.2  In  one  case3  chloroform  was  administered,  almost 
without  intermission,  for  seven  hours. 

In  the  treatment  of  tetanus,  chloroform  has  also  been  found 
distinctly  advantageous.1  As  in  strychnine  poisoning,  muscular 
spasm  subsides  before  true  anaesthesia  is  reached ;  so  that  it  is 
not  necessary  to  push  the  chloroform  very  far.  Sometimes  a 
considerable  interval  of  freedom  from  spasm  may  elapse  after 
the  inhalation,  in  which  case  no  more  of  the  anaesthetic  need  be 
given  till  the  tetanic  rigidity  recommences.  But  should  the 
spasms  be  nearly  continuous  the  administration  may  be  main- 
tained. One  case  is  recorded  in  which  a  child  was  kept  more  or 
less  under  the  influence  of  chloroform  for  thirteen  consecutive 
days,  100  ozs.  being  used. 

1  Brit.  Med.  Journ.,  April  22,  1S82,  p.  575. 
-  Lancet,  vol.  ii.  1875,  p.  310. 

3  Ibid.,  vol.  ii.  1S67,  p.  11S. 

4  See  '  Braithwaite's  Retrospect,'  vol.  ii.  1S77,  p.  59  :  '  On  the  State  of  Thera- 
peutics in  Tetanus.'  See  also  Medical  Record,  June  15,  1879,  p.  243  ;  and 
Lancet,  July  31,  1880,  p.  171. 
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CHAPTER  IV. 

THE  SELECTION  OF  THE  ANAESTHETIC  AND  THE  METHOD  OF 
ITS  ADMINISTRATION. 

Section  I. — General  Considerations. 

The  anaesthetist  of  to-day  not  only  lias  at  his  disposal  a  con- 
siderable number  of  reliable  agents  for  the  production  of  general 
anaesthesia,  but  also  a  great  variety  of  methods  for  their  adminis- 
tration. The  practice  of  employing  one  anaesthetic  for  all  cases 
must  now  be  regarded  as  belonging  to  a  bygone  time.  To 
ensure  success  in  inducing  and  maintaining  general  anaesthesia  we 
must  vary  our  anaesthetic,  and  our  method  of  using  it,  according 
to  the  exigencies  of  the  cases  with  which  we  have  to  deal.  Our 
first  and  most  important  duty  is  to  select  that  anaesthetic  and 
that  method  of  exhibiting  it  which  is  most  free  from  risk  to  our 
patient ;  always  provided  that  there  is  nothing  in  the  nature  of 
the  operation  necessitating  the  employment  of  some  other  agent 
or  some  other  method. 

This  naturally  brings  us  to  the  two  important  questions : — 
(i.)  Which  is  the  safest  of  the  various  general  anaesthetics  1  and 
(2.)  Bearing  in  mind  the  possibility  of  the  safest  anaesthetic  not 
being  suitable  for  all  cases,  which  is  the  next  safest  agent  ?  In 
considering  these  questions  we  shall  only  take  into  account 
nitrous  oxide,  ether,  chloroform,  and  mechanical  mixtures  contain- 
ing the  last-named  anaesthetic. 

(1.)  The  first  question  is  not  difficult  to  answer.  It  is  univer- 
sally admitted  that  nitrous  oxide^is  the  safest  general  anaesthetic 
at  present  known.  When  given  by  one  who  has  become  familiar 
with  its  action,  there  is,  practically  speaking,  no  risk  whatever 
in  its  administration.  With  regard  to  the  infinitesimal  danger 
which  attends  its  use  in  less  skilled  hands,  it  is  highly  probable 
that  this  is  altogether  removed  by  administering  the  gas  with 
oxygen,  i.e.,  by  cutting  out  the  asphyxial  factor  of  the  usual  mode 
of  administration.  If  this  be  so,  and  the  examination  of  fatal 
•cases  would  favour  such  a  view,  we  are  justiBed  in  giving  the 
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preference  to  the  mixture  of  nitrous  oxide  and  oxygen  so  far  as 
the  actual  safety  of  the  patient  during  artilicial  anaesthesia  is 
concerned.  No  fatality  from  this  mixture  has  been  recorded  ; 
and  from  the  experience  which  I  have  myself  had  with  it,  I 
cannot  conceive  that  any  disaster  could  possibly  arise  from  the 
direct  effects  of  the  two  gases,  provided,  of  course,  that  the 
oxygen  is  present  in  proper  proportions.  The  difference,  however, 
so  far  as  danger  to  life  is  concerned,  between  nitrous  oxide  on  the 
one  hand,  and  nitrous  oxide  and  oxygen  on  the  other,  is  so  slight 
that  we  are  warranted  in  disregarding  it ;  and  we  may  there- 
fore continue  to  speak  of  nitrous  oxide  as  the  safest  anaesthetic 
known.  The  use  of  oxygen  is  a  detail  which  need  not  here 
detain  us. 

(2.)  With  regard  to  the  second  question  considerable  difference 
of  opinion  has  hitherto  existed.  Nitrous  oxide  being  incon- 
venient or  inapplicable  for  most  surgical  operations,  it  is  of  great 
importance  that  every  member  of  the  profession  should  know 
which  is  the  safest  of  those  agents  which  are  suitable  for  pro- 
longed administration.  We  are  fortunately  now  in  a  position  to 
unhesitatingly  assert  that,  next  to  nitrous  oxide,  ether  is  certainly 
the  safest  of  all  the  general  anaesthetics.  Statistics,  though 
much  abused,  make  this  point  perfectly  clear.  Dr.  Julliard,  of 
Geneva,  has  .recently 1  collected,  from  various  reliable  sources, 
records  of  no  less  than  839,245  administrations,  both  of  chloro- 
form and  ether.  The  following  table  shows  the  relative  fre- 
quency with  which  chloroform  and  ether  were  used,  and  the 
relative  death-rate. 


Ancesthetic. 

Total  No.  of 
Administrations. 

Total  No.  of 
Deaths. 

Death-rate. 

Chloroform    .  . 
Ether  .... 

524-507 
3I4>738 

161 
21 

I  in  3258 
1  in  14,987 

Dr.  Ormsby,  of  Dublin,  has  put  on  record 2  the  following 
administrations  : — 


1  L'ithcr  est-il  preferable  au  chloroformed  Par  M.  le  Professeur  Julliard, 
de  Geneve.  (Extrait  de  la  Kevue  Medicale'de  la  Suisse  romande  No.  2. 
fevrier,  189 1.) 

-  Brit.  Med.  Journ.,  April  14,  1877,  p.  44.6. 
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Amesthctic. 

Total  No.  of 
Administrations. 

Total  No.  of 
Deaths. 

Death-rate. 

Chloroform    .  . 

152,260 

53 

i  in  2873 

Ether  .... 

92,815 

4 

1  in  23,204 

Chloroform  ) 
with  ether  .  \ 

11,176 

2 

1  in  5558 

'Bichloride  of  ) 
methylene '  \ 

IO.OOO 

2 

1  in  5000 

Mr.  lloger  Williams  draws  attention1  to  the  value  of  the 
St.  Lartholomew's  Hospital  statistics.  At  this  hospital  every 
case  in  which  an  anaesthetic  is  given  is  entered  in  a  book  kept 
for  the  purpose.  In  the  ten  years  1878  to  1887  inclusive  there 
were  26,949  administrations  altogether.  The  table  shows  the 
fatalities  and  death-rate  from  the  two  anaesthetics. 


Anajsthotic. 

Total  No.  of 
Administrations. 

Total  No.  of 
Deaths. 

Death-rate. 

Chloroform    .  . 

12,368 

IO 

I  in  1236 

Ether  .... 

I4,58l 

3 

I  in  4860 

These  statistics  are  included  in  Dr.  Julliard's,  cpioted  above. 
The  ether  death-rate  is  higher  than  is  usual  owing  to  two  patients 
with  intestinal  obstruction  being  included,  both  of  whom  were 
collapsed  before  operation. 

If  we  combine  Dr.  Julliard's  statistics  with  those  of  Dr. 
Ormsby  we  obtain  the  following  results : — 


Anaesthetic. 

Total  No.  of 
A  dmiuistrations. 

Total  No.  of 
Deaths. 

Death-rate. 

Chloroform    .  . 
Ether  .... 

676,767 
407,553 

214 
25 

i  in  3162 
1  in  16,302 

In  other  words,  statistics  seem  to  show  that  ether  is  more  than, 
five  times  as  safe  as  chloroform. 

1  TAincet,  February  S,  1890. 
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If  further  evidence  be  deemed  necessary  in  favour  of  ether  as 

routine  anaesthetic  for  general  surgical  purposes,  wc  might 
quote  the  views  of  eminent  surgeons  and  others  who  are  qualified 
to  offer  an  opinion  on  the  subject.  I  submit  that  no  surgeon  or 
anaesthetist  who  has  exclusively  or  almost  exclusively  employed 
one  anaesthetic  should  be  allowed  to  influence  the  judgment  of 
others  in  this  matter ;  for  he  would  naturally  enough  be  biassed 
in  favour  of  that  agent  with  which  constant  practice  had  made 
him  familiar.  But  there  are  innumerable  surgeons  and  practi- 
tioners, many  of  whom  have  specially  devoted  themselves  to 
administering  anaesthetics,  whose  opinions,  seeing  that  they  are 
based  upon  the  comparative  study  of  the  various  agents  in  use, 
possess  the  greatest  possible  weight.  We  can  have  no  stronger 
testimony  than  theirs;  and  such  testimony  is  almost  without 
exception  favourable  to  ether  and  unfavourable  to  chloroform 
and  other  agents.  From  the  numerous  clinical  observers  qualified 
to  express  an  opinion  on  the  relative  merits  of  ether  and  chloro- 
form I  select  the  following  : — 

Mr.  Jonathan  Hutchinson,  in  a  very  forcible  article  on  the 
safety  of  ether,1  says:  "I  speak  from  a  tolerably  extensive 
observation,  both  of  my  own  facts  and  those  of  others,  when  I 
say  again,  what  I  have  often  said  before,  that  I  think  that  we 
ought  to  have  a  clear  canon  in  full  force  on  this  most  important 
subject.  I  have  not  the  slightest  misgivings  in  my  belief  that 
the  restriction  of  chloroform  would  save  many  lives  every  year. 
The  canon  I  would  venture  to  suggest  is  this  :  Never  give  chloro- 
form alone  in  the  first  instance ;  let  it  be  either  preceded  by  ether 
or  in  mixture  with  it."    (The  italics  are  Mr.  Hutchinson's.) 

Mr.  Pridgin  Teale,2  of  Leeds,  stated  that  '  he  felt  very  strongly 
that  ether  ought  to  be  the  anaesthetic  taken  up  by  hospitals  and 
schools,  and  that  the  men  ought  to  be  turned  out  from  these 
institutions  able  to  give  ether,  and  then  they  would  have  at 
hand  an  agent  which  was  perfectly  safe.' 

The  late  Mr.  Clover,  whose  experience  in  this  branch  of 
practice  was  very  large,  and  whose  skill  as  an  anaesthetist  was 
of  the  highest  order,  gradually  discarded  chloroform  in  favour  of 
ether.  Shortly  before  his  death,  he  stated  3  that  in  over  20,000 
cases  in  which  he  had  given  nitrous  oxide,  ether,  and  ethidene, 
there  had  been  one  fatality,  and  this  had  occurred  under  the 
last-named  anaesthetic. 

Mr.  Bailey/  and  Mr.  Woodhouse  Braine,5  who  have  for  a 

1  'Archives  of  Surgery,''  Oct.  18S9,  p.  119. 
-  Brit.  Med.  Journ.,  November  2 1 ,  1891. 

"  Ibid.,  May  29,  1880,  p.  797.  *  See  Ibid.,  September  19,  1SS5. 


See  Ibid.,  July  22,  1882,  p.  15 
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great  many  years  devoted  themselves  exclusively  to  the  adminisi  ra 
tions  of  anaesthetics,  and  who  have  used  both  ether  and  chloroform 
in  some  thousands  of  cases,  have  no  hesitation  whatever  in  their 
preference  for  the  former  agent. 

My  own  experience  with  the  two  great  anaesthetics,  ether  and 
chloroform,  has  led  me  to  regard  the  former  as  the  more  suitable 
agent  for  general  surgical  work;  and  1  venture  to  assert  that, 
unless  strongly  contra-indicated  by  the  condition  of  the  patient 
or  the  nature  of  (lie  operation,  ether  should  invariably  be 
employed.1  I  would  go  even  further  than  this,  and  urge  that, 
when  any  doubt  exists  as  to  the  suitability  of  ether,  this 
anaesthetic  should  be  tried,  and  only  abandoned  in  the  event  of 
it  being  badly  borne  by  the  patient.  Persons  regarded  as  un- 
satisfactory subjects  for  ether  may  often  be  successfully  etherised 
if  the  agent  be  administered  in  the  proper  manner.  It  is  not 
uncommon  to  find  thai  a  patient  takes  ether  far  better  than  has- 
been  anticipated. 

The  great  advantage  of  ether  overall  other  general  anaesthetics- 
at  present  known  is  that  it  produces  a  remarkably  stimulant  effect 
not  only  upon  the  circulation,  but  upon  the  respiration.  The  cir- 
culation of  the  etherised  patient  is  not  easily  or  quickly  depressed, 
either  by  an  over-dose  of  the  anaesthetic  or  by  other  causes.  Those 
accidental  conditions,  which  may  seriously  lower  cardiac  action 
during  chloroformisation,  appear  to  have  less  influence  in  a  patient 
under  ether.  The  sitting  posture  is  not  liable  to  be  attended  by 
evidences  either  of  circulatory  or  of  respiratory  depression.  The 
act  of  vomiting  is  rarely  if  ever  accompanied  by  syncope.  Moderate 
deprivation  of  air  is  an  advantage  rather  than  a  danger.  Lastly, 
patients  are  not  so  susceptible  to  grave  reflex  circulatory  depression 
as  when  chloroform  is  being  exhibited. 

The  respiration  under  ether  is  almost  invariably  so  deep  and 
audible  that  the  slightest  departure  in  the  direction  of  failure 
must  at  once  attract  attention.  This,  in  actual  practice,  is  a 
great  point  in  its  favour.  The  respiration  under  chloroform, 
although  one  of  the  most  reliable  of  guides  as  to  the  depth  of 
anaesthesia,  is  so  often  shallow  and  quiet,  even  though  the 
patient  is  doing  well,  that  the  anaesthetist  is  more  likely  to 
overlook  symptoms  of  a  dangerous  character  when  they  first 
arise.  There  is  another  point  worth  mentioning  now  that 
we  are  comparing  the  breathing  under  ether  with  that  under 
chloroform.  Owing  to  the  greater  strength  of  the  respiratory 
movements  under  the  former  anaesthetic,  there  is  less  objection 

1  On  the  field  of  battle,  where  portability  becomes  a  matter  of  vital  im- 
portance, and  in  very  hot  climates,  chloroform  is  certainly  preferable  to  ether  ; 
but  with  these  exceptional  circumstances  we  are  not  now  concerned. 
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to  placing  the  patient  in  certain  constrained  positions  than  when 
chloroform  is  being  administered  (see  p.  32). 

In  moderately  healthy  persons  the  use  of  ether  is  practically 
free  from  risk ;  whereas  the  majority  of  those  who  have  un- 
fortunately succumbed  under  chloroform  have  been  in  a  robust, 
or,  at  all  events,  a  fair  state  of  health  at  the  time. 

When  dealing  with  such  powerful  agents  as  we  are  considering, 
an  allowance  must  always  be  made  for  errors  in  administra- 
tion. To  hit  off,  as  it  were,  the  exact  level  of  anaesthesia  which 
is  appropriate  in  every  case  is  not  an  easy  matter.  The  ad- 
vantage of  ether  here  comes  out  very  prominently  ;  for  even 
when  this  agent  is  administered  in  toxic  quantities,  in  the 
vast  majority  of  instances  the  administrator  has  ample  time  to 
resuscitate  his  patient.  The  workable  area  with  ether  is  a  large 
one;  that  with  chloroform  is  small.  We  may  with  ether  err 
either  on  the  side  of  too  light,  or  on  the  side  of  too  deep  an 
anaesthesia,  with  but  little  risk  to  the  patient.  But  with  chloro- 
form any  departure  from  that  depth  of  anaesthesia  which  is 
proper  in  each  particular  case,  whether  on  one  side  or  the  other, 
is  liable  to  be  attended  by  difficulties.  When  toxic  symptoms 
arise  under  ether  we  find  the  circulation  remaining,  comparatively 
speaking,  but  little  affected.  This  is  not  so  with  chloroform. 
Whatever  may  be  the  precise  sequence  of  events  in  death  from 
an  over-dose  of  the  latter  anaesthetic,  the  clinical  fact  remains, 
and  will  always  remain,  that  the  fatal  phenomena  are,  to  all 
intents  and  purposes,  cardiac.  Failure  to  resuscitate  the  patient 
is  due  to  the  impossibility  of  restoring  cardiac  action. 

With  the  above  considerations  before  us,  we  should  certainly 
regard  nitrous  oxide  and  ether  as  our  two  routine  anaesthetics  ; 
the  one  to  be  employed  for  very  short  operations,  and  the  other  for 
those  of  longer  duration.  To  illustrate  this,  let  us  suppose  that 
we  have  to  anaesthetise  two  patients.  The  first  is  a  young  man,  in 
average  health,  who  is  about  to  have  a  whitlow  incised  :  nitrous 
oxide  is  here  the  right  anaesthetic  to  employ.  The  second  patient 
is  a  middle-aged  woman,  of  average  build,  and  in  a  moderately 
good  state  of  health,  who  is  about  to  have  a  tumour  of  the  breast 
removed  :  ether  should  here  be  selected.  The  manner  in  which 
the  administration  of  nitrous  oxide  should  be  conducted  in  the 
first  case  does  not  now  concern  us  ;  nor  must  we  pause  to  discuss 
the  advantages  of  administering  nitrous  oxide,  or  a  small  quantity 
of  the  A.  C.  E.  mixture,  immediately  before  ether  in  the  second 
case.  These  are  merely  details  which  are  of  secondary  im- 
portance as  compared  to  the  main  fact  that  nitrous  oxide  is  the 
proper  anaesthetic  in  the  one  case,  and  ether  in  the  other.  To 
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administer  ether  or  chloroform  for  a  momentary  operation,  such 
as  the  opening  of  a  whitlow,  would  be  a  wrong  practice  in  the 
first  case  :  and  the  bulk  of  clinical  evidence  warrants  us  in  stating 
that  the  continuous  administration  of  any  other  anaesthetic  than 
ether  in  the  second  case  would  be  equally  erroneous. 

The  vast  majority  of  cases  may  be  successfully  anaesthetised 
either  by  nitrous  oxide  or  by  ether.  There  are,  however,  some 
patients  to  whom  neither  of  these  anaesthetics  should  be  given  : 
these  have  been  referred  to  when  discussing  "The  general 
condition  of  the  patient "  in  Chap.  II.  There  are,  moreover, 
certain  operations  which  cannot  be  performed  either  under 
nitrous  oxide  or  under  ether ;  and  these  have  been  fully  con- 
sidered when  dealing  with  "The  nature  of  the  operation"  in 
Chap.  III.  In  the  following  section  of  this  chapter  these 
exceptional  cases  will  be  again  brought  together  in  order  that 
the  reader  may  have  a  clear  idea  concerning  them. 

So  far  as  we  have  gone,  we  are,  I  think,  justified  in  the  sub- 
joined conclusions : — 

1.  Nitrous  oxide  is  the  safest  general  awesthetic  hioicn,  ami 
should  therefore  he  selected  in  preference  to  other  agents  unless  its 
use  is  contra-indicated  by  the  nature  of  the  operation, 

2.  Next  to  nitrous  oxide  ether  is  the  safest  general  anaesthetic, 
and  should  therefore  he  used  -whenever  nitrous  oxide  is  unsuitable  or 
cannot  be  obtained,,  provided  that  no  contra-indications  to  its  use 
exist. 

Section  II. — Special  Considerations. 
A.  CASES  SUITABLE  FOR  NITROUS  OXIDE. 

Nitrous  oxide  is  especially  suitable  for  very  brief  operations. 
As  a  general  rule  30-35  seconds  of  anaesthesia  may  be  depended 
upon  after  a  full  dose  of  the  gas  has  been  administered  (p.  107). 
It  is  hence  a  most  valuable  agent  in  dental  surgery. 

When  the  part  to  be  operated  upon  is  not  situated  within 
the  mouth  or  nose,  an  anaesthesia  of  one  to  two  minutes'  duration, 
or  even  longer,  may  be  easily  secured  (p.  in);  but  absolute 
stillness,  relaxation,  and  freedom  from  reflex  movement  cannot 
be  relied  upon  for  this  length  of  time. 

I  speak  from  experience  as  to  the  advantage  of  nitrous  oxide 
for  the  following  operations  or  procedures  : — 

Opening  superficial  and  deep  abscesses ; 
Slitting  up  sinuses ; 

Examining  or  wrenching  stiff  or  painful  joints  ; 1 

1  Nitrous  oxide  is  chiefly  of  use  in  minor  cases.  When  large  joints  are 
affected,  or  when  complete  relaxation  is  needed,  some  other  anresthetic  should 
be  choseu. 
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Removing  a  toe-nail  or  finger-nail ; 
Snipping  away  external  haemorrhoids ; 
Passing  a  catheter  or  sound  ; 
Examining  a  painful  rectum  or  vagina ; 
Subcutaneous  division  of  tendons  or  fasciae  ; 
Removing  superficial  sequestra ; 
Applying  the  actual  cautery ; 
Forcibly  dilating  the  anterior  nasal  passages  ; 
Scraping  patches  of  lupus. 

Nitrous  oxide  is  not  a  thoroughly  satisfactory  anaesthetic 
"when  any  very  delicate  operation  has  to  be  performed,  or  when 
a  perfectly  passive  condition  of  the  patient  is  absolutely  essential. 
For  example,  in  ophthalmic  surgery,  and  in  urethral  operations 
such  as  internal  urethrotomy,  some  other  anaesthetic  should  be 
chosen.  The  same  remark  applies  to  the  removal  of  tonsils  or 
post-nasal  growths. 

There  is  often  a  good  deal  of  pain  immediately  after  certain 
brief  operations  have  been  performed;  and  this  is  especially  the 
case  when  nitrous  oxide  has  been  used.  The  patient  quickly 
regains  consciousness  and  becomes  aware  of  considerable  aching 
and  smarting.  I  have  observed  this  condition  more  especially 
after  the  wrenching  of  stiff  joints  and  the  avulsion  of  toe-nails ; 
and  it  is  questionable  whether  in  the  case  of  an  extremely 
sensitive  person  a  small  quantity  of  ether  should  not  be  added 
to  nitrous  oxide,  in  order  to  tide  over  the  after-pain. 

There  are  very  few  patients  to  whom  nitrous  oxide  should  not 
be  given.  I  have  administered  it  to  children  of  eighteen  months, 
and  it  has  been  administered  to  patients  over  ninety  years  of 
age.  Should  the  patient  be  suffering  from  considerable  re- 
spiratory difficulty,  or  be  very  feeble  and  exhausted,  or  possess 
an  irregular  and  flabby  heart,  I  think  that  nitrous  oxide  per  se 
should  not  be  given,  as  the  temporary  withdrawal  of  free 
oxygen  cannot  be  regarded  as  free  from  risk.  There  would  not 
be  the  same  objection  to  the  use  of  nitrous  oxide  with  oxygen 
(Part  II.  Chap.  I.  p.  11 4)  in  such  cases. 

As  is  well  known,  free  oxygen  is,  as  a  rule,  entirely  withheld 
during  the  administration  of  nitrous  oxide ;  and  the  anaesthesia 
which  results  is,  for  all  practical  purposes,  remarkably  satis- 
factory. Of  late  years,  however,  it  has  been  shown  that,  in 
certain  cases  at  least,  a  better  form  of  anaesthesia  is  obtainable 
by  exhibiting  nitrous  oxide  with  a  small  percentage  of  oxygen. 
Such  a  modification  is  obviously  beyond  the  reach  of  most  ad- 
ministrators ;  but  we  must  here  consider  it  and  compare  it  with 
the  ordinary  methods  of  administering  nitrous  oxide,  i.e.,  free 
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from  oxygen.  The  following  tal 
the  two  plans  of  administration. 

Nitrous  Oxidf.  free  prom  Oxygen. 

1.  Requires  a  simple  apparatus 
and  very  little  practice  to  become 
proficient  in  its  use. 

2.  Rapidly  produces  anaesthesia. 


3.  Features  grow  livid  or  cyanotic. 


4.  Resijiration  becomes  irregular 
and  jerky.  Snorting  and  stertor 
usually  present . 

5.  Clonic  muscular  movements 
('jactitation  ')  common. 

6.  Pulse  good,  but  often  quick  and 
feeble  at  acme  of  anaesthesia. 

7.  Pupils  usually  dilated  at  acme 
of  anaesthesia. 

S.  Considerable  venous  engorge- 
ment and  swelling  of  tongue  and 
parts  constituting  boundaries  of 
upper  air-passages. 

9.  Average  period  of  inhalation 
necessary  to  produce  deep  anaes- 
thesia for  the  extraction  of  teeth, 
about  51  sees. 

10.  Average  available  period  of 
anaesthesia  after  removal  of  face- 
piece,  about  30  sees. 

11.  Average  quantity  of  gas  re- 
quired to  produce  anaesthesia, 
about  6  gallons. 

12.  After  effects  (headache,  giddi- 
ness, nausea,  vomiting,  &c.)  ex- 
tremely rare. 

13.  Administration  oftenattended 
by  confused  dreams,  and  sometimes 
by  horrible  dreams. 


shows  the  differences  between. 


Nitrous  Oxide  mixei>  with  a  Proper 
Percentage  ok  oxygen. 

1.  Requires  a  more  complicated 
apparatus  and  considerable  practice 
to  become  proficient  in  its  use. 

2.  Rapidly  produces  anaesthesia, 
but  not  quite  so  rapidly  as  nitrous 
oxide  alone. 

3.  Features  preserve  their  colour, 
or  only  show  slight  change. 

4.  Respiration  usually  calm  and 
regular.  Stertor  and  snorting  ab- 
sent.   Soft  snoring  often  present. 

5.  Clonic  muscular  movements 
absent. 

6.  Pulse  always  good,  even  at 
height  of  anaesthesia. 

7.  Pupils  usually  of  moderate  size 
at  acme  of  anaesthesia. 

8.  Far  less  venous  engorgement 
and  swelling. 


9.  Average  period  of  inhalation 
necessary  to  produce  deep  anaes- 
thesia for  extraction  of  teeth,  about 
no  sees. 

10.  Average  available  period  of 
anaesthesia  after  removal  of  face- 
piece,  about  44  sees. 

11.  Average  quantity  of  gases  re- 
quired to  produce  anaesthesia,  S-10 
gallons. 

12.  After  effects  very  rare,  but 
somewhat  more  common  than  after 
nitrous  oxide  alone. 

13.  Dreams  rarely  unpleasant,  and 
often  very  pleasant. 
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From  the  above  table  it  will  be  seen,  that  by  using  oxygen 
with  nitrous  oxide,  the  asphyxial  phenomena  of  ordinary  nitrous 
oxide  narcosis  are  prevented.  The  anaesthetic  gas  is  hence 
rendered  safer  for  those  cases  in  which  the  deprivation  of  oxygen 
would  be  open  to  objection. 

The  use  of  oxygen  with  nitrous  oxide  appears  to  be  specially 
called  for : — 

1.  In  children  (who  with  nitrous  oxide  alone  are  very  liable  to 
inconvenient  jactitation). 

2.  In  anaemic  and  debilitated  patients,  who,  like  children, 
quickly  exhibit  muscular  contractions,  and,  in  addition  to  this, 
remain  but  a  very  short  time  under  the  influence  of  nitrous 
oxide  alone. 

3.  In  any  one  who  has  previously  exhibited  great  susceptibility 
to  nitrous  oxide  per  se  (such  patients  are  difficult  subjects  to 
manage  in  dental  practice  because  of  the  short  period  of  available 
anaesthesia). 

4.  Inpatients  who,  under  nitrous  oxide  alone,  have  experienced 
highly  unpleasant  sensations. 

5.  In  patients  very  advanced  in  years. 

6.  In  patients  with  very  large  tonsils. 

7.  In  patients  suffering  from  heart  or  lung  affections. 

B.  CASES  SUITABLE  FOR  ETHER. 

Ether  is  the  anaesthetic  which  should  be  chosen,  as  a  general 
rule,  for  all  operations  which  cannot  be  satisfactorily  performed 
under  nitrous  oxide.  It  should  be  our  routine  anaesthetic  for 
general  surgical  work.  There  are  few  patients  who  cannot  be 
successfully  anaesthetised  by  its  means,  and  there  are  few  opera- 
tions for  which  it  cannot  be  given. 

It  is  unnecessary  to  enter  into  detail  as  to  the  cases  in  which 
ether  should  be  administered.  With  the  exception  of  those 
above  referred  to,  for  which  nitrous  oxide  should  be  chosen,  and 
those  which  will  be  enumerated  below,  for  which  chloroform  or 
a  mixture  containing  chloroform  may  with  advantage  be  used, 
ether  should  be  invariably  selected  as  the  anaesthetic. 

"Whenever  circumstances  permit,  it  is  a  good  plan  to  precede 
ether  by  nitrous  oxide  gas  or  by  a  small  quantity  of  the  A.  C. 
E.  mixture,  in  order  to  spare  the  patient  the  initial  discomfort 
of  etherisation.  Chloroform,  though  frequently  used  for  this 
purpose,  is  not  as  suitable  as  the  agents  mentioned.  Nitrous 
oxide  has  been  very  largely  employed  as  a  vehicle  for  ether,  and 
in  most  cases  answers  very  well  indeed.    Its  advantages  in  this 
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direction  will  be  more  particularly  considered  in  the  chapter- 
dealing  with  its  administration  in  combination  with  ether  (Part 
II.  Chap.  III.).  It  is,  however,  not  always  easy  to  obtain  nitrous 
oxide  or  the  apparatus  for  its  efficient  administration.  Then 
again,  when  portability  and  simplicity  are  matters  of  considera- 
tion, the  administration  of  '  gas '  before  ether  is  out  of  the  question. 
And,  lastly,  we  must  meet  with  some  patients  who  arc  by  no 
means  good  subjects  for  gas  followed  by  ether.  There  can  be  no 
doubt  that  the  employment  of  gas  and  ether  is  remarkably  free 
from  risk  to  life.  But  some  practice  is  necessary  in  order  to 
successfully  give  the  two  anaesthetics  together;  and  difficulties 
are  not  infrequent  during  their  combined  administration.  Taking 
these  facts  into  consideration,  I  am  inclined  to  the  belief  that 
the  administration  of  a  small  quantity  of  the  A.  C.  E.  mixture 
before  ether,  by  the  method  described  in  Part  II.  Chap.  VI., 
is  deserving  of  more  widespread  notice  and  trial.  I  have  used 
nitrous  oxide  with  ether  for  several  years  ;  and  whilst  admitting 
that  for  certain  patients  we  have  no  better  means  of  producing 
anaesthesia,  I  am  convinced  that  in  other  subjects  this  succession 
of  ana:sthetics  is  not  so  satisfactory  as  that  referred  to.  I  have 
found  the  use  of  nitrous  oxide  before  ether  to  be  advantageous  in 
most  patients  between  the  ages  of  6  and  45  or  50  years,  provided 
that  they  are  in  moderately  good  health.  The  succession  is. 
specially  indicated  in  highly  nervous  and  hysterical  subjects, 
owing  to  the  rapid  loss  of  consciousness  produced  by  the  nitrous 
oxide.  I  have  found  the  use  of  the  A.  C.  E.  mixture  before  ether 
of  special  service:  (1)  in  children  of  from  1-5  years;  (2)  in  very 
stout  and  flabby  patients ;  (3)  in  most  patients  above  the  age  of  45  ; 
and  (4)  in  those  who  dislike  any  closely  fitting  mask  being  applied 
to  the  face.  Patients  in  whom  the  deprivation  of  air  is  likely  to 
be  attended  by  difficulties,  such  for  example  as  the  very  stout,  the 
asthmatic,  the  bronchitic,  the  asthenic,  &c,  are  not  nearly  such 
good  subjects  for  nitrous  oxide  before  ether  as  for  the  A.  C.  E. 
mixture  before  ether.  Middle-aged  men  and  women  who  have 
become  addicted  to  alcohol  and  are  florid  and  flabby  in  appearance 
will  be  found  to  do  particularly  well  with  the  A.  C.  E.  mixture 
followed  by  ether.  One  great  advantage  of  this  mixture  over 
nitrous  oxide  as  a  preliminary  to  ether  is  that  all  cyanosis  and 
impeded  breathing  are  prevented — a  point  of  considerable  im- 
portance when  inducing  anaesthesia  in  patients  advanced  in  years, 
and  in  those  who  are  the  subjects  of  intra-thoracic  or  abdominal 
disease.  I  have  notes  of  a  large  number  of  cases  in  which  I  have 
used  this  succession  of  anaesthetics,  and  have  rarely  if  ever 
met  with  any  trouble.  I  have  frequently  been  surprised,  when 
anaesthetising  cei'tnin  types  of  subjects,  at  the  total  absence  of 
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difficulties  during  the  administration — difficulties  which  would 
certainly  have  appeared  with  any  other  method  of  inducing 
deep  ether  anaesthesia. 

C.  CASES  SUITABLE  FOR  CHLOROFORM  OR  MIXTURES 
CONTAINING  CHLOROFORM. 

The  superiority  of  chloroform  over  all  other  known  anaesthetics 
for  allaying  the  pains  of  natural  labour  has  already  been  referred 
to  (p.  54). 

When  the  actual  cautery  has  to  be  used  in  or  about  the  mouth 
or  nose,  and  when  the  anaesthesia  of  nitrous  oxide  would  be  of 
insufficient  duration,  unmixed  chloroform  must  be  employed. 
Ether  is  inadmissible  by  reason  of  the  inflammable  character  of 
its  vapour.  Should  the  condition  of  the  patient  be  such  that  the 
use  of  chloroform  from  the  commencement  seems  unadvisable,  the 
patient  may  be  first  placed  under  ether,  and  chloroform  subse- 
quently administered.  After  a  few  minutes  of  chloroform  in- 
halation the  cautery  may,  with  safety,  be  used. 

There  are  many  operations  within  and  about  the  nose  and 
mouth  for  which  chloroform  is  more  or  less  essential.  When  a 
clear  and  uninterrupted  anaesthesia  of  more  than  ten  minutes  1 
is  needed,  chloroform  is  the  most  appropriate  anaesthetic.  For 
most  operations,  therefore,  upon  the  palate,  tongue,  jaws,  mouth, 
nasal  cavities,  naso-pharynx,  and  pharynx,this  anaesthetic  should 
be  chosen.  When  circumstances  permit,  the  patient  should  be 
first  placed  well  under  ether,  and  the  administration  of  chloroform 
commenced  when  the  patient  shows  signs  of  passing  out  of  the 
etherised  state,  but  not  before  (p.  35).  Chloroform  should  onlv 
be  given  throughout  when  the  condition  of  the  patient  is  such 
that  ether  is  inadmissible. 

In  extreme  emphysema,  in  chronic  bronchitis  attended  by 
expectoration  and  dyspnoea,  and  in  advanced  pulmonary  phthisis, 
chloroform  or  some  mixture  containing  chloroform  should  be 
employed.  It  is  true  that  ether  may  often  be  used  in  these 
cases ;  and  when  there  is  any  doubt  as  to  its  suitability  there  is 
no  harm  in  attempting  the  administration.  I  have  met  with 
several  instances,  however,  in  which  a  satisfactory  form  of  anaes- 

1  By  freely  administering  ether  for  ten  to  fifteen  minutes  before  the  operation 
commences  a  resulting  anaesthesia  of  from  five  to  ten  minutes  may  be  secured, 
during  which  a  great  many  operations,  such  as  the  removal  of  tonsils  or  post- 
nasal growths,  opening  up  the  antrum,  removing  sequestra,  excision  of  a 
portion  of  the  tongue,  &c,  may  be  performed  without  a  re-application  of  the 
inhaler. 
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thesia  under  ether  .seemed  to  be  wholly  unattainable.  Many 
cases  of  this  class  may  be  anaesthetised  successfully  with  the 
A.  C.  E.  mixture.  No  definite  rules,  which  will  apply  to  every 
case,  can  be  laid  down.  If  ether  itself  seems  out  of  the  question, 
the  A.  C.  E.  mixture  may  be  tried,  and  should  it  not  be  satis 
factorily  borne,  chloroform  should  be  substituted. 

When  dyspnoea,  from  narrowing  of  the  upper  air-passages, 
is  present,  and  anaesthesia  is  needed,  chloroform,  or  a  mixture  con- 
taining chloroform,  must  be  used  and  ether  avoided.  As  already 
pointed  out,  the  use  of  any  anaesthetic  in  these  cases  is  attended 
by  considerable  risk  (see  p.  23). 

In  many  cases  of  morbus  cordis  with  symptoms,  chloroform 
mixed  with  ether,  as  in  the  A.  C.  E.  mixture,  is  very  well  borne 
(see  p.  248).  When,  for  example,  a  patient  has  mitral  or  aortic 
disease,  with  some  evidence  of  pulmonary  engorgement,  an  in- 
termittent heart,  and  a  degree  of  varying  cardiac  dyspnoea,  the 
A.  ( '.  E.  mixture  has,  in  my  experience,  answered  better  than 
either  ether  or  chloroform  (see  II lust.  Cases.  Nos.  19.  20,  and 
21,  p.  248).  In  congenital  morbus  cordis  with  cyanosis,  nitrous 
oxide  with  oxygen  should  be  chosen  for  brief  operations,  and 
the  A.  C.  E.  mixture  for  those  of  longer  duration.  Not  long 
ago  a  case  was  reported  to  me  in  which  a  child  with  con- 
genital heart  disease  nearly  died  under  nitrous  oxide  adminis- 
tered in  the  usual  manner. 

Although  very  old  persons  take  chloroform  particularly  well, 
I  believe  a  suitable  mixture  of  this  anaesthetic  with  ether,  or 
with  alcohol  and  ether  (as  in  the  A.  C.  E.  mixture)  is  even  prefer- 
able to  chloroform.  Old  persons  whose  chests  have  become  rigid 
seem  to  be  unable  to  respond  efficiently  to  the  demands  made 
upon  them  by  the  administration  of  ether.  Up  to  65  or  70 
years  of  age  patients,  as  a  general  rule,  may  be  successfully 
anaesthetised  b}'  ether;  but  after  this  age  the  A.  C.  E.  mixture 
is  better  borne.  As  already  indicated,  however  (Chap.  II.),  the 
anaesthetist  must  be  guided  not  so  much  by  the  actual  as  by  the 
apparent  age  of  his  patient.  There  are  very  well  preserved 
patients  of  70  who  take  ether  without  any  inconvenience ;  while, 
on  the  other  hand,  we  not  infrequently  meet  with  men  and 
women  who,  though  but  50  or  55  years  of  age,  have  all  the 
appearance  of,  and  behave  under  anaesthetics  in  the  same  way  as, 
patients  twenty  years  older.  Whenever,  in  elderly  persons,  ether 
is  not  well  borne,  the  A.  C.  E.  mixture  may  be  substituted  with 
advantage. 

In  extreme  obesity  I  have  found  the  A.  C.  E.  mixture  singu- 
larly ajrpropriate,  the  behaviour  of  patients  under  its  influence 
being,  as  a  rule,  very  satisfactory.    I  believe  the  best  plan  in 
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these  cases  is  to  commence  with  the  A.  C.  E.  mixture,  and  then 
to  see  how  ether  is  borne.  In  this  way  the  anaesthetist  will  tide 
over  the  period  of  excitement,  tonic  spasm,  &c,  under  the 
stimulus  of  ether — a  point  of  some  importance  when  a  dilated 
and  fatty  heart,  so  common  in  these  subjects,  is  present.  If  the 
ether  be  not  well  borne  the  anaesthetist  should  go  back  to  the 
A.  C.  E.  mixture.  The  vast  majority  of  cases  will  do  well  with 
this  mixture  administered  from  a  Rendle's  mask.  Exceptional 
<;ases  will  be  met  with,  however,  in  which  even  the  ether  of  the 
A.  C.  E.  mixture  produces  irritation  and  irregular  breathing,  and 
should  such  symptoms  be  inconvenient  to  the  operator,  chloro- 
form may  be  used.  I  have  notes  of  more  than  one  case  in  which 
the  operation  of  lithotrity  in  a  very  stout  man  could  not  be 
successfully  performed,  either  with  the  patient  under  ether  or 
under  the  A.  C.  E.  mixture,  and  chloroform  was  necessary  in 
order  to  secure  sufficient  tranquillity  of  breathing  and  freedom 
from  reflex  movement  in  the  legs. 

In  very  marked  atheroma  chloroform,  or  a  suitable  mixture 
containing  it,  is  said  to  be  preferable  to  ether,  owing  to  the  risk 
of  cerebral  haemorrhage  under  the  latter  agent.  But,  seeing  that 
ether  is  constantly  being  given  to  very  atheromatous  subjects, 
the  risk  must  be  very  slight  indeed— barely  worth  taking  into 
account. 

In  abdominal  surgery  chloroform  certainly  possesses  advan- 
tages over  ether.  The  relative  merits  of  these  anaesthetics  have 
been  fully  discussed  on  p.  49. 

Some  surgeons  greatly  prefer  chloroform  to  ether  for  all  opera- 
tions in  the  region  of  the  neck.  The  disadvantages  of  ether  in 
these  cases  have  been  already  considered  (p.  47). 

The  use  of  chloroform  in  cerebral  surgery  is  referred  to  on 
pp.  54  and  272. 

Lastly,  chloroform  is  indicated  whenever  ether,  or  an  anaesthetic 
mixture  containing  ether,  is  badly  borne,  that  is  to  say,  whenever 
uncontrollable  coughing,  embarrassed  respiration,  cyanosis,  pro- 
longed tonic  spasm,  or  other  signs  of  intolerance  are  produced. 
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CHAPTEE  V. 

THE  PREPARATIONS  FOR  THE  ADMINISTRATION. 

In  order  to  ensure,  as  far  as  possible,  a  successful  anaesthesia, 
certain  preparations  For  the  administration  should  invariably  be 
made.  This  remark  not  only  applies  to  cases  in  which  a  pro- 
tracted administration  will  be  necessary,  but  to  those  in  which  a 
veiy  brief  anaesthesia,  such  as  that  afforded  by  nitrous  oxide,  is 
required. 

it  is  always  advisable  to  have  a  third  person  in  the  room  during 
the  administration  of  an  anaesthetic 

A.  HOUR  OF  ADMINISTRATION:  REGULATION 

OF  DIET. 

It  is  generally  agreed  that  the  early  morning  (8  a.m. -9  a.m.  ) 
is  the  best  time  for  the  administration  of  a  general  anaesthetic 
for  a  surgical  operation.  Putting  exceptional  cases  aside,  patients 
are  brighter  and  fresher  in  the  morning  than  in  the  after-part  of 
the  clay.  Those  who  fortunately  possess  a  placid  equable  tem- 
perament will  almost  certainly  pass  a  fair  night  before  an  opera 
tion ;  whilst  nervous  and  apprehensive  persons  will  have  the  best 
chance  of  obtaining  a  little  refreshing  sleep  when  an  early  hour 
is  fixed.  But  the  most  important  reason  for  choosing  the  time 
indicated  is  that  in  most  cases  the  stomach  is  then  empty.  Adult 
patients  in  good  health  may  be  allowed  their  usual  meals  the  day 
before  the  operation,  provided  nothing  be  taken  after  7  or  8  p.m., 
and  that  no  excess  either  in  food  or  drink  be  indulged  in.  A  light 
and  nutritious  meal  at  or  about  7  o'clock  on  the  previous  evening 
is  generally  to  be  recommended  in  these  cases.  I  have  known 
patients  who  have  had  an  exceptionally  good  dinner  the  night 
before  the  operation,  and  children  who  have  eaten  heartily  of 
pudding  before  going  to  bed  to  eject  a  considerable  quantity  of 
semi-digested  food  after  the  anaesthetic  on  the  following  morning, 
even  though  nothing  whatever  had  been  taken  during  the  night. 
The  practice  of  giving  a  cup  of  tea  or  coffee,  a  glass  of  milk,  an 
egg  beaten  up  in  milk,  an  egg  with  brandy,  or  in  fact  anything 
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whatever,  at  6  a.m.  or  7  a.m.  (i.e.,  two  hours  or  so  before  an  early 
operation),  is  open  to  serious  objections.  Digestion  is  often  not 
performed  so  quickly  as  is  anticipated.  The  process  is  said  to  be 
very  liable  to  be  interfered  with  by  apprehension  on  the  part  of 
the  patient ;  and  this  may  be  so  in  some  instances.  I  have  often 
administered  anaesthetics  to  patients  who,  four  hours  before  the 
operation,  have  had,  for  example,  a  little  beef  tea ;  and  have 
known  such  patients  to  eject  considerable  quantities  of  this  fluid 
undigested,  immediately  after  the  withdrawal  of  the  anaesthetic. 
Similarly,  I  have  often  known  children,  who  have  been  kept  in 
ignorance  of  anything  unusual  being  about  to  take  place,  to  eject 
undigested  milk  several  hours  after  it  has  been  given  to  them. 
In  fact,  there  is  good  reason  to  believe  that  patients  who  are  in  a 
Fair  state  of  health  should  be  kept  even  longer  without  food  than 
is  now  usually  considered  advisable.  This  more  particularly 
applies  to  cases  in  which  the  operation  is  performed  at  some  other- 
hour  than  8  a.m.  or  9  a.m.  In  the  case  of  early  operations  upon 
patients  in  a  fair  state  of  health,  there  is  no  necessity  for  anything 
whatever  during  the  night  or  small  hours  of  the  morning.  When 
it  is  decided  to  perform  the  operation  at  some  other  time  the  case 
is  different. 

The  next  best  time  to  8  or  9  a.m.  is  probably  1.30  or  2  p.m., 
i.e.,  about  the  patient's  usual  luncheon  or  dinner  hour.  Under 
these  circumstances  a  light  but  nutritious  breakfast  at  8  may  be 
taken,  and  nothing  whatever  after. 

Should  the  operation  be  fixed  to  take  place  at  some  other  time 
than  that  above  indicated,  and  should  the  question  arise  as  to 
the  diet  of  the  patient,  special  care  should  be  taken  to  keep  the 
stomach  as  empty  as  possible ;  for  when  the  operation  is  arranged 
for  11  or  12  o'clock  in  the  morning,  or  for  3,  4,  or  5  in  the  after- 
noon, persons  are  liable,  unless  specially  warned,  to  have  had 
their  breakfasts  or  mid-day  meals  as  usual.  It  is  better  to  err. 
if  at  all,  on  the  side  of  abstinence.  Young  adults  in  good  health 
should,  for  example,  be  allowed  to  remain  without  food  for  from 
five  to  six  hours.  This  can  be  done  by  arranging  a  good  break- 
fast at  8.30  or  so  and  the  operation  for  3  p.m.  To  give  beef  tea, 
or  milk,  or  eggs,  &c,  at  12  would  be  wrong  in  these  patients. 
Should  the  operation  be  arranged  for  1 1  or  1 2  in  the  morning — 
an  hour  open  to  objections — the  best  plan  perhaps  is  for  the 
patient  to  have  a  cup  of  coffee  or  cocoa  with  milk  and  dry  toast 
at  about  6-7  a.m.  ;  but  as  he  will  almost  certainly  be  unaccustomed 
to  this  light  and  early  breakfast,  he  may  possibly  fail  to  digest  it. 

The  above  rules  can  hardly  be  adhered  to  when  we  have  to 
deal  with  exhausted  patients,  or  with  those  who  are  liable  to 
feel  faint  after  a  comparatively  short  abstinence  from  food  or 


76 


'  ANAESTHETIC'S  AND  THEIB   ADM  I X 1 8T  Jt  AT  J  O  N . 


stimulants.  Moreover,  patients  advanced  in  years  should  not 
be  kept  quite  so  long  without  food  as  younger  persons  ;  partly 
because  they  more  readily  show  signs  of  exhaustion,  and  partly 
because  they  are  less  liable  than  their  juniors  to  after-nausea  and 
vomiting.  Generally  speaking,  exhausted  and  asthenic  subjects 
who  are  to  be  operated  upon  in  the  early  morning  should  be 
allowed  some  clear  soup  during  the  night ;  and  in  extreme  cases 
a  little  wine,  brandy,  or  whisky  may  at  the  same  time  be  taken 
with  advantage.  Similar  arrangements  are  indicated  when  the 
operation  is  fixed  to  take  place  during  the  clay,  i.e.,  some  soup 
should  be  given  about  three  hours  before  the  administration. 
Milk,  eggs,  and  ordinary  beef  tea,  are  not  so  suitable  as  clear 
soup. 

Should  the  patient's  circulation  be  extremely  feeble,  it  will  be 
a  good  plan  to  give  an  enema  of  brandy  and  water,  or  brandy  and 
beef  tea,  a  short  time  (twenty  minutes  or  so)  before  the  adminis- 
tration of  the  anaesthetic.  Many  have  advocated1  giving  a  small 
quantity  of  brandy  or  whisky,  with  about  an  equal  quantity  of 
water,  by  the  mouth  ;  but  this  practice  is  not  without  its  objec- 
tions. I  have  on  more  than  one  occasion  known  vomiting  to 
be  thus  induced.  If  alcohol  is  to  be  given  at  all,  it  is  probably 
best  to  give  it  in  the  form  of  enema.  If,  however,  this  plan  is 
not  thought  desirable,  the  patient  maybe  allowed  a  tablespoonful 
of  brandy  with  an  equal  quantity  of  water  by  the  mouth,  nalf-an- 
hour  before  the  operation. 

It  is  generally  taught  that  the  regulation  of  the  diet  of  the 
patient  is  not  so  much  a  matter  of  importance  in  the  case  of 
nitrous  oxide  as  in  that  of  other  anaesthetics.  It  is  certain 
that,  even  though  undigested  food  is  present  in  the  stomach 
at  the  time  of  administration,  patients  are  rarely  attacked  by 
retching  or  vomiting  either  during  or  after  the  inhalation  of 
this  agent.  This  is  presuming  that  little  if  any  blood  is 
swallowed  by  the  patient.  But  should  the  stomach  contain 
food,  and  should  a  small  quantity  of  blood  be  swallowed, 
vomiting  will  be  liable  to  arise.  A  double  administration  of 
the  gas  is  often  followed  by  an  unpleasant  attack  of  retching, 
owing,  no  doubt,  to  some  blood  or  blood-tinged  saliva  gaining 
access  to  the  stomach  during  the  second  inhalation.  I  have 
often  given  nitrous  oxide  soon  after  a  meal ;  but  it  is  probably 
better  to  allow  a  couple  of  hours  to  have  elapsed.  The  best  time 
for  the  administration  of  nitrous  oxide  is  from  three  to  four  hours 
after  food.    From  11.30  to  12.30  in  the  forenoon,  or  from  4 

1  See  Clover,  Brit.  Med.  Journ.,  Feb.  14,  1S74.  See  also  an  interesting 
letter  'On  the  Value  of  Alcohol  before  Chloroform'  (Brit.  Med.  Journ., 
July  20,  1889). 
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to  5  in  the  afternoon,  are  favourite  hours  for  the  extraction  of 
teeth  under  nitrous  oxide.  Care  must  be  taken  with  weakly 
persons  not  to  err  on  the  side  of  too  long  a  fast,  otherwise 
faintness  may  be  felt.  I  have  known  the  same  patient  to  take 
gas  far  better  four  hours  after  food  than  six  hours.  It  is  possible 
that  the  sitting  posture  which  is  necessary  in  dental  operations 
rather  tends  to  favour  this  feeling  of  faintness.  When  nitrous 
oxide  with  a  small  quantity  of  ether  is  to  be  given,  the  patient 
should  be  kept  as  long  without  food  as  is  desirable  in  more  pro- 
tracted administrations. 

B.  STATE  OF  THE  BOWELS  AND  BLADDER. 

In  ordinary  surgical  practice,  i.e.,  in  cases  requiring  anything 
more  than  a  transient  anaesthesia,  it  is  customary  for  the  bowels 
and  bladder  to  have  been  evacuated  before  an  anaesthetic  is 
administered.  Arrangements  as  to  the  use  of  purgatives,  &c, 
naturally  rest  with  the  surgeon,  or  usual  medical  attendant  of 
the  case ;  but  I  may  perhaps  be  excused  for  making  a  few 
remarks  on  the  subject. 

I  have  not  unfrequently  known  the  use  of  a  purgative  before 
the  operation  to  be  followed  by  such  depression  that  the  patient 
has  not  taken  the  anaesthetic  as  well  as  would  otherwise  have 
been  the  case.1  In  weakly  and  anaemic  subjects,  in  those  who 
will  probably  lose  a  considerable  quantity  of  blood  during  the 
operation,  and  in  those  who  will  have  to  be  kept  anaesthetised 
for  a  long  period,  care  must  be  taken  not  to  reduce  the  strength 
by  free  purgation.  These  remarks  forcibly  apply  to  patients 
who  have  been  losing  blood  from  haemorrhoids.  It  is  especially 
important  in  these  cases  that  the  rectum  should  be  empty ;  and 
very  often  these  are  exactly  the  patients  who  cannot  stand  being 
vigorously  purged.  The  behaviour  of  such  individuals  with 
regard  to  purgatives  should  be  taken  into  account.  Speaking 
generally,  a  mild  laxative  (suitable  to  the  particular  patient) 
should  be  given  the  day  before,  and  an  enema  on  the  morning 
of  the  operation.  The  former  may  be  dispensed  with,  if  thought 
advisable.  There  is  no  necessity  for  the  above  precautions  when 
a  brief  anaesthesia  has  to  be  induced.  An  exception  should, 
however,  be  made  to  this  statement,  viz.,  that  in  the  case  of 
patients  about  to  inhale  nitrous  oxide  the  bladder  should  be 

1  Snow  believed  that  free  purgation  the  night  before  a  rectal  operation 
would  be  likely  to  induce  syncope  during  anaesthesia  ;  and  he  met  with  cases 
which  appeared  to  render  this  view  extremely  probable.  See  Snow,  op.  cit., 
p.  104. 
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emptied,  as  micturition  otherwise  rniglit  occur  during  the  mus- 
cular phenomena  produced  by  this  gas.  This  precaution  is 
specially  desirable  with  children. 

C.  INSPECTION  AND  EXAMINATION  OF  THE  PATIENT. 

Bearing  in  mind  the  fact  that  the  phenomena  of  surgical 
anaesthesia  ai-e  largely  dependent  upon  age,  temperament, 
physique,  habits  of  life,  quantity  and  quality  of  blood,  state 
of  the  respiration,  state  of  the  circulation,  and  other  factors 
(Chap.  II.),  we  cannot  fail  to  recognise  the  advantages  of 
ascertaining,  as  far  as  circumstances  will  permit,  the  general 
condition  of  the  patient  entrusted  to  our  care.  In  the  majority 
of  cases  a  brief  inspection  is  all  that  is  needed.  The  more 
practice  the  anaesthetist  has  had,  the  less  need  will  there  be  for 
any  systematic  examination.  It  is  better,  however,  to  err  on 
the  side  of  an  unnecessarily  cautious  investigation,  than  to 
overlook  symptoms  which,  if  recognised,  would  be  of  service 
in  conducting  the  administration.  When  any  doubt  exists, 
therefore,  as  to  the  state  of  the  patient's  health,  it  is  a  good  plan 
to  employ  the  stethoscope,  or  to  adopt  any  other  means  that 
may  suggest  themselves  for  ascertaining  the  presence  of  any 
important  morbid  condition.  It  is  a  mistake  to  suppose  that  a 
prejudicial  state  of  alarm  is  brought  about  by  the  few  simple 
procedures  and  questions  which  are  advisable  on  these  occasions. 
A  patient  who  is  in  a  good  state  of  health  is  usually  fully  aware 
of  the  fact,  and  is  not  likely  to  feel  distressed  whilst  his  heart  is 
being  auscultated,  and  his  chest  expansion  tested.  Apjn'ehension 
is  more  often  caused  by  the  manner  in  which  these  inquiries  are 
conducted  than  by  the  inquiries  themselves.  Nervous  persons 
are  just  as  likely  to  gain  comfort  and  confidence  by  their  state 
of  health  being  properly  gauged,  as  to  suffer  from  increased 
dread  and  alarm.  But,  even  admitting  that  an  examination  of 
the  patient  is  open  to  objection  on  the  grounds  indicated,  we 
are  surely  not  justified  in  allowing  any  such  objections  to  carry 
weight.  Every  one  who  has  largely  administered  anaesthetics 
must  be  able  to  call  to  mind  cases  which  would  certainly  have 
gone  more  smoothly  had  some  particular  pre-existing  peculiarity 
or  morbid  state  been  recognised  before  the  administration. 
Aortic  disease,  mitral  stenosis,  an  extremely  slow  cardiac  action, 
or  emphysema  may,  for  example,  be  easily  overlooked  \inless  care 
be  taken.  It  is  certainly  erroneous  to  argue  that  as  the  patient 
must  have  an  anaesthetic  there  is  no  need  to  ascertain  his  fitness 
for  it.    By  carefully  taking  into  consideration  the  condition  of  the 
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patient,  we  not  only  place  ourselves  in  a  better  position  to  decide 
what  anaesthetic  or  anaesthetic  mixture  should  be  chosen,  but  we 
are  often  able  to  anticipate  the  occurrence  of  important  symptoms 
during  the  administration.  When  circumstances  permit,  there- 
fore, it  is  a  good  plan  for  the  administrator  to  make  himself 
acquainted  with  the  patient's  general  state.  As  already  men- 
tioned, this  may  usually  be  done  without  employing  the  stetho- 
scope :  but,  whenever  there  is  the  slightest  indication,  the 
anaesthetist,  who  is  responsible  for  the  safety  of  his  patient, 
should  allow  nothing  to  stand  in  the  way  of  his  making  a  more 
thorough  examination. 

It  will  be  convenient  in  the  present  place  merely  to  indicate 
the  more  important  points  to  which  the  attention  of  the  adminis- 
trator should  be  directed  when  his  patient  is  presented  to  him. 
A  great  deal  of  valuable  information,  both  positive  and  negative, 
is  afforded  by  the  general  appearance  and  bearing  of  the  patient. 
Let  us  in  a  few  words  consider  what  may  be  learnt  by  simply 
observing  the  individual  before  us.  Should  he  walk  to  the  operat- 
ing table,  couch,  or  chair,  his  mode  of  progression  may  afford 
us  information.  We  shall  notice  whether  he  moves  actively,  or 
whether  with  considerable  hesitation  or  difficulty.  Should  the 
exertion  be  followed  by  breathlessness  we  ought  specially  to  bear 
the  fact  in  mind.  Should  the  patient  be  partially  or  wholly 
recumbent  when  we  are  called  upon  to  anaesthetise  him,  we 
should  note  what  position  is  assumed  from  choice.  We  should 
more  particularly  pay  attention  to  the  number  of  pillows  the 
patient  requires.  Those  who  suffer  from  chronic  bronchitis, 
emphysema,  other  affections  of  the  air-passages,  or  extreme 
abdominal  distension,  almost  invariably  insist  upon  being  propped 
up  to  a  greater  or  less  degree.  Marked  orthopncea  will  attract  at- 
tention, and  should  be  regarded  as  a  very  unfavourable  symptom. 
Patients  suffering  from  unilateral  pulmonary  or  pleural  affections 
will  probably  be  found  lying  upon  the  diseased  side.  Whilst 
observing  and  drawing  our  inferences  from  the  walk  or  posture 
of  the  patient,  we  are  able,  as  a  rule,  to  roughly  estimate  his  age. 
It  must  be  remembered  that  the  anaesthetist  is  concerned  as  much 
with  the  apparent  as  with  the  real  age  of  his  patient.  The 
temperament,  too,  which  plays  an  important  part  in  determining 
the  manner  in  which  an  anaesthetic  is  taken,  usually  quickly 
shows  itself  on  these  occasions.  This  is  more  particularly  the 
case  with  hysteria.  It  must  be  remembered,  however,  that 
women  who  are  liable  to  outbursts  of  hysteria  sometimes  conceal 
their  want  of  control  so  efficiently  that  the  observer  is  deceived. 
The  over-worked  and  the  highly-strung  patient  will  be  recognised, 
and  should  be  treated  with  the  utmost  gentleness  and  care. 
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Previous  excesses  in  alcohol,  as  a  rule,  present  little  or  no  diffi- 
culty in  their  detection.  The  general  physique  of  the  patient 
will  be  observed.  Gross,  flabby  individuals,  with  a  large  abdomen, 
muddy  complexion,  and  double  chin  will  probably  not  be  easy 
subjects  to  manage.  Florid,  muscular  young  men,  who  live  an 
outdoor  life  and  enjoy  excellent  health,  are  also  liable  to  give 
the  administrator  some  difficulty.  Persons  afflicted  with  extreme 
obesity  may  also  be  regarded  as  bad  subjects  for  certain  anes- 
thetics. Conversely,  patients  of  slim  build,  and  more  or  less 
anaemic  in  appearance,  do  particularly  well  during  general  anaes- 
thesia. The  colour  of  the  patient's  face  and  lips  should  be  noted. 
A  florid  rosy  tint  denotes,  as  a  rule,  a  good  state  of  health  and 
the  absence  of  nervousness  or  respiratory  derangement.  The 
hectic  flush,  however,  must  not  be  allowed  to  deceive.  Florid, 
and  more  especially  dusky-looking  and  congested  patients,  will 
be  very  liable  to  show  cyanosis  under  nitrous  oxide  or  ether — in 
fact  under  any  anaesthetic,  if  air  be  withheld  even  to  a  slight 
degree.  The  pallor  of  true  anaemia  is  readily  recognised.  Apart, 
however,  from  this  pallor,  we  must  remember  that  very  nervous 
and  apprehensive  subjects  are  prone  to  be  much  paler  than  usual 
at  the  time  of  administration ;  their  pallor  disappears  when 
anaesthesia  is  established ;  and,  often  to  the  surprise  of  the  anaes- 
thetist, to  whom  the  patient  may  be  a  stranger,  a  good  florid 
colour  will  persist  throughout  the  administration.  The  anaesthetist 
should  take  special  note  of  the  manner  in  which  respiration  is 
performed,  and  if  any  marked  abnormality  in  this  direction  be 
detected  a  further  examination  of  the  patient  should  be  made. 
If  there  is  no  obvious  shortness  of  breath  or  distress  in  breath- 
ing, and  if  the  respiratory  movements  are  quiet  and  the  colour 
of  the  lips  good,  there  is,  as  a  rule,  no  need  for  any  further  exami- 
nation. It  is  usually  a  good  plan,  however,  to  ask  the  patient 
to  take  a  deep  breath.  In  this  way  the  administrator  will  see 
whether  the  chest  expands  freely,  and  whether  the  respiration  is 
principally  thoracic  or  abdominal.  By  getting  the  patient  to  take 
a  deep  breath  the  administrator  may  hear  if  there  is  any  sound 
suggestive  of  narrowing  of  the  air-way,  bronchial  catarrh, 
emphysema,  &c.  A  loose,  frequent,  or  hollow  cough  should  not 
escape  attention.  The  cough  of  simple  nervousness  is  easily 
distinguishable.  The  pulse  should  invariably  be  felt ;  and  as  a 
general  rule  it  is  a  good  plan  to  apply  the  ear  or  stethoscope  to 
the  chest.  Any  duskiness,  pallor,  or  breathlessness  should  suggest 
a  stethoscopic  examination.  Feebleness,  irregularity,  inter- 
mittency,  or  marked  slowness  of  pulse  should  lead  to  further 
inquiry. 

The  oral  "cavity  should  be  inspected  by  the  anaesthetist. 
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Artificial  teeth,  even  though  firmly  fixed  and  apparently  safe, 
should  always  be  removed.  It  is  important  that,  at  the  time  of 
administration,  there  should  be  nothing  within  the  mouth  which 
is  loose  or  likely  to  become  loose.  On  one  occasion  during  the 
administi'ation  of  ether  I  discovered  a  tooth  lying  loose  in  the 
mouth.  My  attention  was  directed  to  it  by  finding  a  little  blood 
issuing  from  the  lips.  During  the  closure  of  the  jaws  a  shaky 
tooth  had  apparently  become  dislodged.  It  is  hence  best  to  see 
that  no  such  teeth  are  present,  or  if  present  to  take  special  care 
lest  they  become  detached.  I  once  also  found,  loose  in  the  mouth, 
a  portion  of  tartar  about  the  size  of  a  large  pea,  which  must  have 
been  left  attached  to  the  gum  when  the  patient  removed  two 
artificial  teeth  before  the  administration.  It  is  said  that  a  '  quid  ' 
of  tobacco  has  led  to  serious  results  by  not  having  been  removed 
by  the  patient  before  taking  an  anaesthetic.  In  the  case  of 
children,  sweetmeats  may  possibly  be  present  in  the  mouth  at  the 
time  of  administration.  Should  the  patient  be  the  subject  of 
partial  or  complete  nasal  obstruction,  the  anaesthetist  must  take 
note  of  the  fact,  as  the  condition  is  liable  to  give  rise  to  some 
difficulty  during  the  administration,  unless  a  little  mouth-prop 
(Fig.  3,  p.  82)  be  inserted  between  the  teeth  with  the  object  of 
maintaining  an  oral  air-way. 

D.  APPLIANCES  AND  REMEDIES  WHICH  SHOULD  BE 
AT  HAND  DURING  THE  ADMINISTRATION. 

1.  Appliances. — Before  administering  a  general  anaesthetic 
it  is  important  that  certain  appliances  should  be  in  readiness  in 
case  of  need.  Whatever  anaesthetic  may  be  employed,  and  what- 
ever the  nature  and  duration  of  the  operation  may  be,  the 
administrator  should  have  by  him  : 

1.  Instruments  for  opening  the  mouth  and  maintaining  it  in 
this  position. 

2.  A  pair  of  tongue-forceps. 

3.  A  small  basin,  a  towel,  and  a  small  piece  of  sponge. 

4.  Instruments  for  performing  tracheotomy. 

The  anaesthetist  should  always  be  prepared  to  open  the  mouth 
of  the  patient  without  delay.  There  are  some  forms  of  respira- 
tory embarrassment  which  can  only  thus  be  relieved.  When 
the  teeth  are  more  or  less  deficient,  all  that  is  necessary  is  to 
introduce  a  Mason's  gag.  The  gag  shown  in  Fig.  1  is,  in  my 
experience,  the  best  form.  The  spring  should  be  strong,  so  that 
the  blades  come  closely  together,  and  the  notches  for  the  movable 
catch  should  be  rather,  but  not  too  deeply  cut.    The  parts  of  the 
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gag  which  come  in  contact  with  the  teeth  or  gums  should  be 
covered  with  thin  rubber  tubing.1  Should  there  be  any  difficulty 
in  introducing  this  gag,  which  is  not  infrequently  the  case  in 


Fic.  i.— Mason's  Gag. 


muscular  patients  with  good  teeth,  the  best  and  simplest  appli- 
ance for  separating  the  clenched  teeth  is  a  thin  wedge  of  hard 
wood  of  the  shape  shown  in  Fig.  2.    A  small  strong  mouth-prop, 


Fig.  2. — Wooden  Wedge  for  separating  clenched  teeth. 


so  made  that  it  cannot  slip  when  placed  between  the  front  teeth, 
(Fig.  3)  is  often  of  use  either  for  inserting  before  commencing 

the  administration,  or  for  introducing 
subsequently  should  it  be  found  advisable 
to  keep  the  teeth  apart  (p.  22).  With  a 
Mason's  gag,  a  wooden  wedge,  and  a 
little  mouth-prop,  all  difficulties  depen- 
dent upon  closure  of  the  jaws  may  be 
obviated  or  removed. 

With  regard  to  tongue-forceps,  I  be- 
lieve that  those  shown  in  Fig.  4  are 
fig.  3. -Mouth-prop  for  keep-  as  efficient  as  any.    The  forceps  repre- 

mg  the  teeth  apart  during  .  J    „r     ,  t>     •     >  \ 

the  administration  (actual  sented  m  i  lg.  5  (Mr.  W  oodhouse  Jirame  s) 
slze)-  are  preferred  by  some;  but  they  do  not 

grip  the  tongue  quite  so  well  as  the  ordinary  forceps,  more 
especially  when  the  organ  is  large,  firm,  and  slippery.  Moreover, 
should  it  be  desired  to  keep  the  tongue  well  drawn  out  of  the 
mouth  for  a  prolonged  period,  the  ordinary  tongue- forceps,  which 

1  The  gag  shown  in  Fig.  50,  p.  199,  which  is  furnished  with  tubes  for  the 
transmission  of  chloroform  vapour  to  the  back  of  the  throat,  will  answer  as 
well  as  the  above  if  not  too  clumsily  made. 
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seldom  if  ever  fails  to  bite,  will,  without  the  assistance  of  a  by- 
stander, retain  its  hold  upon  the  tongue.    The  forceps  of  Fig.  5 


Fin.  4. — Tongue-forceps. 


has  the  advantage  that,  when  the  blades  are  closed,  an  efficient 
wedge-shaped  mouth  opener  is  formed.  I  much  prefer  the  wooden 
wedge  of  Fig.  2,  however,  for  separating  the  teeth.  Some  ad- 
ministrators, following  the  recommendations  of  Sir  Joseph  Lister, 


Fig.  5. — Braine's  Tongue-forceps. 


use  a  simple  pair  of  artery  forceps,  which  certainly  have  the 
merit  of  not  being  liable  to  slip  when  once  they  have  taken  hold 
of  the  tongue. 

It  is  a  good  plan  to  fix  a  moist  piece  of  sponge  of  appropriate 
size  between  the  blades  of  the  tongue-forceps,  so  that  the  mouth 
may  be  sponged  out  if  necessary.  Should  the  forceps  be  required 
for  tongue  traction  the  sponge  can  readily  be  removed.  The 
administrator  should  make  it  a  rule  to  keep  this  sponge  in  readi- 
ness in  all  mouth  and  nose  cases,  even  though  the  surgeon  has 
apparently  made  ample  provision  for  sponging  away  blood. 

A  small  basin  should  be  at  hand  in  case  of  vomiting,  the  non- 
occurrence of  which  cannot  be  prophesied  with  certainty  in  any 
instance. 

In  ordinary  surgical  practice  a  towel  will  be  found  useful  for 
wiping  out  the  corners  of  the  mouth,  for  rubbing  the  lips  and 
cheeks  (p.  230),  or  for  placing  beneath  the  cheek  of  the  patient 
as  it  lies  upon  the  pillow. 

Instruments  for  the  performance  of  tracheotomy  should 
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always  be  at  hand.1  The  accompanying  drawing  shows  a  con- 
venient emergency  case  which  contains  not  only  the  appliances 
which  have  already  been  referred  to  (Mason's  gag,  tongue-forceps, 
wooden  mouth  opener,  and  mouth-prop),  but  instruments  for  the 
performance  of  tracheotomy,  viz.,  two  tubes,  a  scalpel,  a  sharp 
hook,  and  a  pair  of  dressing-forceps  which  answer  as  dilators.2 


Fig.  6. — Emergency  Case,  containing  Mason's  Gag,  Tongue-forceps,  Wooden  Wedge, 
Month-prop,  Instruments  for  performing  Tracheotomy,  Hypodermic  Syringe,  and 
partition  for  remedies  such  as  Nitrite  of  Amy],  Digitalis,  Strychnine,  <fcc. 


In  dental  practice  the  anaesthetist  should  have  with  him  several 
mouth-props  for  keeping  the  teeth  apart  during  the  administra- 
tion of  nitrous  oxide  or  nitrous  oxide  and  ether.    Having  tried 

1  A  case  occurred  in  my  own  practice  a  few  years  ago  which  showed  the 
necessity  of  being  prepared  with  tracheotomy  instruments  on  all  occasions. 
Had  I  not  had  a  tracheotomy  tube  with  me,  it  is  highly  probable  that  I  should 
not  have  been  able  to  rescue  the  patient  from  imminent  death.  The  case  is 
fully  described  on  p.  295. 

2  This  little  case  is  manufactured  by  Messrs.  Krohne  &  Sesemann,  and  is 
specially  adapted  for  use  in  operating  theatres  and  elsewhere  when  anaesthetics 
are  being  employed. 
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numerous  kinds  I  find  the  prop  shown  in  Fig.  7,  which'  is  made 
for  me  by  Messrs.  Ash  &  Sons,  to  answer  better  than  any.  It  is 
made  of  steel,  and  is  so  shaped  that  it  adjusts  itself  to  the  angle 
made  by  the  lower  jaw  receding  from  the  upper.  It  is  furnished 
with  detachable  rubber  pads,  which  can  be  renewed  from  time  to 
time.    When  in  position  it  engages  several  teeth,  so  that  there 


Fin.  7.— Set  of  five  Mouth-props  for  use  in  dental  practice  (half  size). 


is  no  chance  of  a  faulty  loose  tooth  being  injured.  Five  sizes  are 
necessary.  All  props  containing  springs  or  screws  are  liable 
either  to  break,  to  get  out  of  order,  or  to  be  contaminated  with 
blood  and  other  unpleasant  matters.  A  long  thin  mouth-prop 
with  shallow  grooves  at  each  end  (Fig.  8)  is  sometimes  useful  for 
fixing  between  the  front  teeth,  but  the  administrator  must  be 
careful  that  the  teeth  between  which  it  is  fixed  are  strong  enough 
to  bear  the  strain.  In  children,  and  for  certain  cases  to  which 
detailed  reference  need  hardly  be  made,  a  little  vulcanite  prop 
with  rubber  or  guttapercha  ends,  of  the  shape  shown  in  the 
adjacent  figure  (Fig.  9)  is  often  of  use.    It  takes  up  very  little 


Pio.  8.— Long  Wooden  Mouth-prop  Fig.  9. —Mouth-prop  for  certain  cases 

(two-thirds  actual  size).  (actual  size). 

room  in  the  mouth,  and  can  be  placed  between  the  last  molar 
teeth,  thus  enabling  the  operator  to  extract  teeth  which  might 
otherwise  be  covered. 

When  upper  back  teeth,  or  bicuspids  are  to  be  extracted,  Carter's 
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oral  net  spoon  (Fig.  10)  is  of  value  for  the  reception  of  fragments 
that  may  drop  from  the  forceps  or  gums  during  the  operation,  or 
for  preventing  the  '  shooting '  backwards  of  bicuspid  teeth.  The 
administrator  may,  however,  by  simply  passing  the  finger  behind 
the  forceps,  prevent  fragments  from  falling.  The  net  spoon  has 
the  great  drawback  that  it  occupies  the  hands  of  the  anaesthetist 
which  are  best  employed  in  steadying  the  head  or  supporting  the 
lower  jaw.  The  operator  should,  in  fact,  be  wholly  responsible 
for  the  removal  of  the  teeth,  stumps,  or  fragments  from  the  mouth  ; 
so  that  the  attention  of  the  administrator  need  not  in  any  way 
wander  from  the  patient's  general  condition.    The  anaesthetist 


Fio.  io.— Carter's  Oral  Net  Spoon. 


has  not  only  to  see  that  respiration  and  circulation  are  efficiently 
maintained,  but  also  to  watch  for  evidences  of  returning  con- 
sciousness, in  order  that  his  patient  may  feel  no  pain. 

2.  Remedies. — Various  medicinal  remedies  have  been  advo- 
cated for  the  treatment  of  alarming  symptoms  during  anaesthesia, 
and  opinions  are  still  divided  as  to  their  relative  efficacy.  But,  as 
will  be  subsequently  pointed  out  (Part  III.),  the  establishment 
of  a  free  air-way,  artificial  respiration,  and  inversion  are  of  far 
greater  value  than  any 'other  restorative  measures  with  which  we 
are  acquainted.  The  question  nevertheless  arises  :  are  there  any 
particular  medicinal  remedies  which  we  should  have  by  us  before 
administering  a  general  anaesthetic — remedies  which  may  be 
relied  upon  for  the  treatment  of  threatening  conditions  1  Recent 
researches  (p.  313)  have  shown  that  digitalis  and  strychnine  are 
most  likely  to  be  of  service,  and  that  alcohol,  nitrite  of  amyl, 
ammonia,  and  atropine  ar9  of  questionable  utility.  The  anaes- 
thetist who  wishes  to  be  thoroughly  equipped  for  all  emergencies 
would  therefore  clo  well  to  have  with  him  a  hypodermic  syringe 
and  some  readily  accessible  preparation  of  digitalis  and  of 
strychnine.  Brandy,  which  is  of  use  in  certain  cases,  would 
probably  be  sufficiently  near  at  hand  if  required.  (For  further 
remarks  on  the  various  restorative  agents  which  are  commonly 
employed  see  Part  III.) 
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E.  THE  CLOTHING  OF  THE  PATIENT. 

Patients  who  are  about  to  inhale  an  anaesthetic,  whatever  that 
anaesthetic  may  be,  should  invariably  be  loosely  but  warmly 
attired. 

In  the  case  of  nitrous  oxide,  persons  are  liable  to  think  they 
are  being  placed  to  unnecessary  inconvenience  by  being  obliged 
to  unfasten  corsets,  belts,  collars,  &c,  but  nothing  should  be 
permitted  to  stand  in  the  way  of  such  precautions  being  adopted. 
It  does  not  follow  that  because  a  patient  with  a  tightly-laced 
waist  can  take  a  full  breath  she  will  be  able  to  breathe  freely 
under  nitrous  oxide ;  indeed,  the  reverse  is  likely  to  be  the  case. 
Anything  that  constricts  the  waist  or  prevents  free  thoracic  or 
abdominal  movement  should  be  loosened.  The  front  of  the  dress, 
or  the  coat,  as  the  case  may  be,  should  be  unfastened.  Collars, 
too,  should  be  unbuttoned  or  removed.  Not  only  may  the  collar 
be  uncomfortable  to  the  patient  if  his  head  should  be  thrown 
backwards,  but  it  may  interfere  with  the  upward  or  downward 
movements  of  the  larynx  which  usually  occur  during  deep  re- 
spiration. Corsets  should  always  be  unfastened.  All  these 
precautions  are  not  only  necessary  because  of  their  providing 
for  free  respiration,  but  they  are  desirable  from  another  point  of 
view.  Should  any  unexpected  respiratoiy  embarrassment  occur 
during  anaesthesia,  remedial  measures  can  far  more  efficiently  be 
carried  out  than  when  the  patient  is  attired  in  constricting 
clothing. 

In  operations  requiring  a  more  or  less  protracted  anaesthesia, 
the  patient  should  be  attired  in  a  loose  warm  dressing-gown,  or 
be  well  wrapped  up  in  blankets  or  shawls.  It  is  important 
that  he  should  be  kept  as  warm  as  possible,  more  especially  if 
feeble  or  advanced  in  years.  In  most  cases  socks  or  stockings 
should  be  worn,  and  two  or  three  blankets  placed  over  the 
patient  when  he  lies  in  position  for  the  administration.1 

1  As  much  warmth  as  possible  is  necessary  in  the  case  of  patients  who 
are  about  to  be  placed  in  the  lithotomy  position,  and  in  those  whose  lower 
extremities  are  likely  to  remain  uncovered  for  a  considerable  time.  Mr. 
Buckston  Browne,  by  a  very  simple  plan,  prevents  the  chilling  which  is 
likely  to  take  place  in  many  operations  upon  the  male  bladder  or  urethra. 
A  pair  of  the  patient's  pants  is  taken  and  one  leg,  having  been  turned 
inside  out,  is  passed  through  the  other.  A  long  double  stocking  results. 
Another  pair  of  pants  is  now  similarly  treated.  The  two  stockings  thus 
formed  are  placed  on  the  patient,  and  keep  both  legs  very  warm  without 
interfering  with  the  manipulations  of  the  surgeon  in  the  perineal  region. 
Ether  tremor,  and  perhaps  more  serious  troubles,  are  probably  obviated  by 
keeping  the  legs  warm. 
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F.  THE  POSTURE  OF  THE  PATIENT. 

Every  endeavour  should  be  made  to  place  the  patient  in  as 
comfortable  a  position  as  possible.  In  ordinary  surgical  work, 
when  an  operating-table  is  used,  it  is  a  good  plan  to  allow  the 
patient  to  adopt  any  posture  he  may  think  fit;  for  he  can 
readily  be  moved  subsequently  should  occasion  require.  When 
the  patient  has  no  special  wish  in  the  matter  it  is  best  for  him 
to  lie  upon  his  back  with  his  head  and  shoulders  slightly  raised. 
Should  the  head  be  raised  and  not  the  shoulders,  a  cramped 
position  will  result,  and  one  which  is  unfavourable  to  free  respi- 
ration. The  administrator  should,  if  possible,  stand  immediately 
behind  his  patient.  It  is  sometimes  advisable,  in  the  case  of 
nervous  individuals,  to  give  the  anaesthetic  whilst  they  are  in 
bed,  and  subsequently  to  move  them  to  the  table.  This  plan, 
however,  should  not  be  adopted  as  a  general  rule ;  for  not  only 
is  it  somewhat  difficult  to  anaesthetise  a  patient  who  is  lying 
comfortably  in  bed,  but  the  shaking-up  which  he  undergoes 
whilst  being  carried  from  one  place  to  another  is  not  unlikely  to 
disturb  good  anaesthesia,  and  to  induce  vomiting.  Whenever 
the  patient  has  no  objection  it  is  far  better  for  him  to  lie  upon 
the  table. 

When  the  recumbent  posture  cannot  be  assumed  without 
causing  distress  in  respiration,  the  administrator  should  allow 
the  patient  to  arrange  himself  in  that  position  in  which  he 
breathes  with  the  greatest  ease.  The  sitting  posture  is  a 
convenient  one  in  dental  surgery,  and  for  many  other  short 
operations  within  the  oral  or  nasal  cavity.  Nitrous  oxide  or 
ether  may  be  given  to  patients  in  this  position,  but  chloroform 
should  not  be  employed.1 

1  Although  Snow  administered  anesthetics  to  949  patients  in  the  sitting 
posture  without  any  untoward  results,  experience  has  since  established  the 
fact  that  there  is  risk  in  this  practice. 
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,THE  ADMINISTRATION  OF  THE  SELECTED 

ANAESTHETIC. 


CHAPTER  I. 

Nitrous  Oxide. 

There  is  no  necessity  to  refer  at  any  length  to  the  value  of 
nitrous  oxide  as  a  general  anaesthetic.  The  improvements  which 
have  taken  place  in  the  direction  of  rendering  this  agent  more 
readily  available  for  surgical  purposes,  the  rapidity  with  which 
consciousness  becomes  destroyed  during  its  inhalation,  and  the 
almost  invariable  absence  of  all  unpleasant  effects  after  the 
administration  are  weighty  considerations  in  its  favour.  The 
anaesthesia  which  results  from  nitrous  oxide,  although  in  the 
vast  majority  of  cases  satisfactory  and  sufficient,  is  not  so 
profound  as  that  resulting  from  ether  or  chloroform.  Even 
when  a  patient  is  as  thoroughly  anaesthetised  by  nitrous  oxide 
as  is  possible,  many  reflex  phenomena  may  still  persist.  More- 
over, the  anaesthesia  from  this  gas,  administered  in  the  usual 
manner,  is  complicated  by  certain  symptoms  which  are  un- 
doubtedly due  to  the  want  of  free  oxygen.  Nitrous  oxide  per 
se  can  only  be  respired  for  a  very  brief  period  owing  to  the 
absence  of  oxygen,  and  it  therefore  follows  that,  whether  used 
to  produce  its  own  special  effects,  or  employed  as  a  preliminary 
to  ether,  this  peculiarity  of  nitrous  oxide  becomes  as  marked  a 
feature  of  the  administration  as  the  anaesthesia  itself. 

It  will  be  convenient  to  consider  nitrous  oxide  under  three 
sections. 

Section  i.  Nitrous  oxide  administered  free  from  all  oxygen; 
Section  2.  Nitrous  oxide  administered  with  air ; 
Section  3.  Nitrous  oxide  administered  with  oxygen. 
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Section  I. — Nitrous  Oxide  administered  Free  from  Oxygen. 

A.  APPARATUS  AND  METHODS  OF  ADMINISTRATION. 

Nitrous  oxide  is  supplied  by  the  manufacturers  in  iron  and  steel 
cylinders  which  contain  the  agent  in  a  liquid  state  under  considerable 
pressure.1  Those  yielding  50  gallons  of  gas  are  most  commonly  used  ; 
but  2 5 -gallon  cylinders  are  preferable  when,  as  is  often  the  case,  porta- 
bility is  a  matter  of  consideration.  100-gallon  cylinders  are  more 
adapted  for  hospital  practice.  Every  cylinder  is  furnished  with  a 
label  stating  its  weight  when  empty  and  when  fully  charged  ;  so  that, 
when  weighed,  the  quantity  of  nitrous  oxide  present  may  always  be 
ascertained  if  desired.  j£  ozs.  of  liquid  nitrous  oxide  will  furnish 
about  25  gallons  of  gas.  Full,  or  nearly  full;  cylinders  may  at  once  be 
known  by  the  liquid  sound  which  they  emit  when  sharply  tapped  with 


Fro.  11. — End-valve  Nitrous  Flo.  12.— Foot-key.  Flo.  13. — Hand-key 

Oxide  Cylinder.  and  Spanner. 

the  foot-key,  or  some  similar  article.  It  is  always  advisable  to  have 
two  cylinders  coupled  together,  in  case  one  should  work  badly  or  fall 
short  during  the  administration.  It  is  also  a  good  plan  to  make  it  a 
rule  on  all  occasions  to  work  first  from  the  bottle  of  one  side,  and  only 
to  go  on  with  the  second  or  reserve  bottle  in  the  event  of  the  other 
becoming  exhausted.  If  the  administrator  work  indiscriminately  from 
both  bottles  he  may  easily  allow  the  supply  of  the  anaesthetic  to  fall  too 
low.  Care  should  be  taken  to  thoroughly  turn  off  the  gas  after  each 
administration,  otherwise  leakage  will  gradually  occur  and  the  cylinder 
become  empty.  Each  cylinder  is  furnished  with  a  screw-valve  or  tap, 
by  turning  which  with  a  foot  or  hand-key,  gaseous  nitrous  oxide  escapes 
from  the  cylinder. 

The  cylinder  most  commonly  used  for  the  storage  and  supply  of 
nitrous  oxide  is  represented  in  Fig.  11.    It  will  be  seen  that  the  screw- 

1  I  have  been  informed  by  one  of  the  manufacturers  of  the  gas  that  the 
pressure  within  the  cylinders  which  they  supply  often  registers  nearly  1000 
lbs.  to  the  sq.  in. 
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valve  or  tap  (s.r.)  which  releases  the  imprisoned  gas  is  at  the  end  of  the 
cylinder;  whilst  the  nozzle  or  outlet  tube  (n)  through  which  the  gas 
escapes  is  at  the  side.  We  may  therefore  term  this  the  end-valve  cylinder, 
to  distinguish  it  from  the  side-valve  cylinder,  to  which  reference  will 
presently  be  made.    End-valve  cylinders  may  be  worked  either  in  the 


Fio.  14.— Napier's  Stand  for  Two  End-valve  Cylinders  of  Nitrous  Oxide. 

horizontal  or  in  the  vertical  position,  the  latter  being  preferable  when 
an  equable  supply  of  the  gas  is  desired.  Various  kinds  of  foot-keys  and 
hand-keys  are  in  use  for  turning  the  screw-valve.  Fig.  1 2  shows  a  foot- 
key  with  spikes.  Fig.  13  shows  a  hand-key  with  a  spanner  at  one 
end.    The  spanner  is  useful  for  connecting  two  cylinders  together  by 


Fio.  15.— Stand  (Welter's)  for  Two  End-valve  Cylinders  of  Nitrous  Oxide. 

what  is  known  as  a  double  union  (Fig.  18,  du),  and  also  for  attaching 
the  single  union  (Fig.  18,  su)  of  the  tube  leading  to  the  inhaling 
apparatus. 

Various  kinds  of  boxes  and  stands  are  in  use  for  fixing  these  end- 
valve  cylinders  whilst  the  gas  is  being  released.  Fig.  14  shows  a  form 
of  stand  which  is  still  frequently  employed.    Fig.  1 5  represents  a  stand 
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which  allows  of  two  end-valve  cylinders  being  worked  horizontally 
by  means  of  foot-keys.  I  have  had  no  experience  with  these  stands,  as 
the  side-valve  cylinders  seem  to  me  to  have  decided  advantages  over 
their  predecessors.  Still,  given  that  end-valve  cylinders  are  to  be  em- 
ployed, the  stand  of'Fig.  1 5  is  as  efficient  as  any.  Before  the  apparatus 
is  required  for  use,  the  gas  is  turned  on  at  D,  but  is  stopped  at  a  second 
valve  in  the  stand  of  the  apparatus.  This  second  valve,  which  works 
far  more  easily  than  that  of  the  cylinder,  is  controlled  by  the  foot- 
key  (E). 

Two  side-valve  cylinders  coupled  together  with  a  double  union  are 
shown  in  Fig.  16.  I  have  had  a  lengthened  experience  with  these 
cylinders,  and  believe  them  to  be  better  than  any  others.  They  have 
the  great  advantage  that  they  require  but  a  very  simple  form  of  stand 
to  render  them  perfectly  stable  whilst  being  worked  ;  and  when  fitted 


Fig.  16. — Two  Side-valve  Cylinders,  with  Stand,  Double  Union,  and  Foot-key. 


with  the  easily  acting  valves  invented  by  Messrs.  Barth  &  Co.  they 
answer  every  requirement.  When  portability  is  a  matter  of  great 
consideration  two  2  5 -gallon  side-valve  cylinders  should  be  employed. 
It  is  only  quite  recently  that  these  side-valve  cylinders  have  been 
brought  into  a  state  of  perfection.  When  they  were  first  used  they 
were  not  satisfactory  ;  and  to  the  late  Dr.  0.  E.  Sheppard  belongs  the 
credit  of  removing  the  objections  which  were  formerly  attached  to 
their  use.    He  found 1  that  when  nitrous  oxide  cylinders  were  worked 

1  See  an  interesting  paper  by  Dr.  C.  E.  Sheppard,  Lancet,  Feb.  21, 
1891,  p.  424:  'Difficulties  connected  with  the  Use  of  Nitrous  Oxide  Bottles 
in  the  Horizontal  Position.'  Dr.  Sheppard  found  that  the  50-gallon  cylinders 
supplied  by  Messrs.  Barth  &  Co.  had  a  capacity  of  50.5  cubic  inches,  and, 
taking  the  sp.  gr.  of  the  liquid  to  be  .90S  at  450  F.  and  the  weight  of  the  50 
gallons  of  nitrous  oxide  gas  thus  liquified  to  be  15  ozs.,  the  space  occupied  in 
the  bottle  by  the  liquid  was  28.6  cubic  inches,  roughly  three-fifths  of  the 
total  capacity.  He  argued  that  as  the  cold  produced  by  the  nitrous  oxide 
passing  from  the  liquid  to  the  gaseous  form  is  very  intense,  superficial  solidi- 
fication of  the  nitrous  oxide  may  take  place,  and  the  snow-like  body  thus 
formed  may  temporarily  choke  the  tube. 
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horizontally  the  outlet  tube  often  became  temporarily  choked  with 
liquid,  or  even  solid  nitrous  oxide,  owing  to  the  inner  orifice  of  the 
tube  being  at  or  below  the  level  of  the  liquid.  He  suggested  to 
Messrs.  Barth  &  Co.  that  the  inner  end  of  the  exit-tube  should  be  bent 
upwards  towards  the  upper  wall  of  the  cylinder,  in  order  that  its 
orifice  might  be  well  above  the  level  of  the  liquid.  By  this  simple 
device  horizontal  bottles  may  be  made  to  work  as  freely  as  vertical. 

Gasometers  are  sometimes  employed  for  the  storage  of  nitrous  oxide, 
but  it  is  hardly  necessary  to  refer  to  their  use  in  this  work.  Now  that 
nitrous  oxide  is  so  readily  obtainable,  and  now  that  we  have  cylinders 


Fig.  17.— A  Form  of  Nitrous  Oxide  Apparatus  very  commonly  employed. 

which  work  so  satisfactorily,  there  is  less  need  for  gasometers  than  was 
formerly  the  case. 

When  two  cylinders  are  used,  they  are  connected  by  a  brass  tube 
known  as  a  double  union.  (Fig.  18,  dn.)  To  this  is  attached  a  single 
union  (Fig.  17,  sit)  carrying  the  india-rubber  tube  (t),  which  conducts 
the  liberated  nitrous  oxide  to  the  gas-bag  (B).  The  bag  is  often  known 
as  a  Cattlin's  bag.  From  B  the  gas  passes  by  a  wider  tube  (T)  to  the 
inhaling  apparatus.  This  consists  of  three  main  parts — a  two-way 
stopcock  (TS),  a  face-piece  (FP),  and  a  '  supplemental  bag '  (6).  The 
two-way  stopcock  lias  an  air-hole  (/(,)  in  it,  so  that  either  air  or  nitrous 
oxide  may  be  breathed  by  the  patient  at  the  will  of  the  anaesthetist.  The 
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face-piece  possesses  an  india-rubber  air  cushion  (ac),  which  may  be 
inHated  at  the  little  stopcock  (.%•).  It  also  possesses  two  circular  horn 
valves  working  upon  delicate  spiral  springs— one  an  inspiratory  (iv), 
and  the  other  an  expiratory  valve  (ev).  These  valves  prevent  the  re- 
breathing  of  nitrous  oxide,  and  allow  of  the  escape  of  the  expirations 
into  the  surrounding  air.  The  so-called  'supplemental  bag'  (&)  is  a 
small  bag  which  is  attached  to  the  lower  part  of  the  face-piece,  and  is 
separated  from  the  latter  by  a  stopcock  (SC).  This  bag  was  introduced 
by  Clover  to  meet:  those  cases  in  which  violent,  breathing  occurred. 
When  the  patienl  breathed  very  forcibly  lie  opened  the  stopcock  of 
the  'supplemental  bag'1  in  order  to  temporarily  provide  free  channels 
for  the  deep  respirations.    The  'supplemental  bag'  is  now  rarely  used. 

The  apparatus  above  figured  is  that  which  is  still  largely  used' for  the 
administration  of  nitrous  oxide,  and  for  this  reason  I  have  described  it  in 
detail.  Countless  modifications  have  been  made  in  it  from  time  to  time. 
Clover 2  himself  found,  for  example,  that  he  could  gel  all  the  advantages 
of  his  'supplemental  bag'  by  dispensing  altogether  with  an  inspiratory 
valve,  in  the  face-piece.  This  necessarily  simplified  the  apparatus,  and 
many  administrators  now  employ  a  face-piece  with  but  one  valve.  In 
order  that  such  an  apparatus  may  be  used  successfully,  the  bag  must 
be  nearly  or  quite  full  at  the  commencement  of  the  inhalation,  so  that 
the  expirations  may  not  pass  back  into  it  to  any  great  extent.  The 
expiratory  valve  will  only  act  when  the  bag  is  kept  distended.  The 
bag  may  at  any  moment  be  made  to  play  the  part  of  the  'supplemental 
bag'  already  described,  by  stopping  the  supply  of  fresh  nitrous  oxide 
and  placing  the  thumb  over  the  expiratory  valve.  For  reasons  to  be 
presently  referred  to,  this  plan  of  administering  nitrous  oxide  is  open 
to  certain  objection.-. 

Some  years  ago3  I  made  a  special  study  of  the  various  methods  then 
in  use  for  administering  nitrous  oxide.  I  came  to  the  conclusions — 
(i)  That  accurately  fitting  valves  were  essential  at  the  commencement 
of  the  inhalation,  in  order  to  make  sure  of  the  rapid  exit  of  atmospheric 
air  from  the  lungs  ;  (2)  that,  so  far  as  the  available  resulting  anaesthesia 
was  concerned,  there  was  a  decided  advantage  in  allowing  a  certain 
amount  of  re-breathing  of  nitrous  oxide  towards  the  end  of  the  inhala- 
tion ;  (3)  that  although  there  were  certain  hygienic  objections  to  tins 
re-breathing,  it  was  nevertheless  very  convenient  to  be  able  to  resort  to 
it  as  a  measure  for  securing  a  longer  anaesthesia,  or  for  successfully 
terminating  an  administration  when  the  supply  of  nitrous  oxide  had 
unexpectedly  fallen  short.  There  was  no  apparatus  which  would  allow 
of  two  valves  being  in  action  for  the  earlier  or  middle  stages  of  the 
administration  and  would  subsequently  permit  re-breathing.  I  there- 
fore devised  4  and  used  a  face-piece  with  thin  rubber  valves  which  could, 
at  the  will  of  the  administrator,  be  thrown  out  of  action,  and  allow  of 
the  gas-bag  being  used  very  much  as  Clover's  '  supplemental  bag '  was 
used,  i.e.,  for  to-and-fro  breathing.    Subsequently  I  placed  these  rubber 

1  Brit.  Med.  Journ.,  Feb.  14,  1874.  2  Op.  cit. 

8  See  '  An  Enquiry  into  Several  Methods  of  Administering  Nitrous  Oxide ' 
(Journ.  Brit.  Dent.  Assoc.,  vol.  vii.  1886,  p.  86). 
4  Lancet,  May  9,  1S85. 
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valves  in  a  little  box  between  the  stopcock  and  the  face-piece,1  so  that 
plain  valveless  face-pieces  could  be  attached.  The  valves  were  thrown 
into  and  out  of  action  at  will  by  turning  a  small  handle  surmounting 
the  valve-box.  A  short  trial  of  this  apparatus  led  to  my  placing  the 
valves  and  the  two-way  stopcock  in  one  chamber,  in  other  words,  to  the 
apparatus  which  I  now  employ,  and  which  I  believe  to  be  better  than 
all  others  for  the  administration  of  nitrous  oxide  (Figs.  18,  19,  and  20). 


Pig.  i3. — Complete  Apparatus  for  the  Administration  of  Nitrous  Oxide  Gas. 

The  apparatus  which  I  have  found  to  give  the  best  results  in 

the  administration  of  nitrous  oxide  is  shown  in  the  accompanying 
figure.  It  is  made  for  me  by  Messrs.  Barth  &  Co.  From  the  single 
union  (su)  the  tube  (t)  passes  to  join  the  bag  (B).2  A  little  stopcock  (s)  is 
useful  in  case  it  should  be  wished  to  disconnect  a  full  bag  from  the  rest 
of  the  apparatus.    The  bag  (B)  has  a  capacity  of  from  2  to  2\  gallons. 

1  See  Brit.  Med.  Journ.,  Aug.  27,  1887,  p.  452. 

2  Some  administrators  interpose  what  is  known  as  a  'quieter'  between  the 
gas  cylinders  and  this  tube,  but  when  properly  managed  the  noise  of  issuing 
gas  is  so  slight  as  to  render  such  a  complication  unnecessary. 
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There  is  certainly  an  advantage  in  having  the  bag  as  near  as  possible 
to  the  face-piece ;  for  not  only  can  its  movements  be  readily  watched, 
but  the  patient  can  take  the  most  forcible  inspirations  without  any  of 


Fio.  19.—  Vulved  Stopcock  and  Fuce-picce  of  Fig.  18. 


that  impediment  which  is  likely  to  be  experienced  when  a  tube  exists 
between  the  bag  and  face-piece.  The  valved  stopcock  (VS),  which  is 
the  most  important  part  01  the  apparatus,  connects  the  gas-bag  (B)  to 
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the  face-piece  (F).  This  stopcock,  shown  more  in  detail  in  Figs.  19 
and  20,  contains  two  thin  valves  .of  sheet  india-rubber,  which  may  be 
thrown  into  or  out  of  action  by  turning  the  tap  T.  The  handle  H 
determines  whether  air  or  gas  is  admitted  to  the  face-piece.  When 
T  and  H  are  arranged  as  in  Fig.  19,  air  enters  the  stopcock  and  is 
breathed  out  through  valves  in  the  direction  shown  by  the  arrows. 
Fig.  20  shows  in  diagrammatic  section  the  mechanism  of  the  valved 
stopcock.  It  has  two  slots  cut  out  of  its  circumference,  an  upper  slot 
(US)  and  a  lower  slot  (LS).  There  are  two  inner  cylinders  which 
revolve  immediately  inside  the  outer  casing  of  the  stopcock.  The 
upper  inner  cylinder  (UIC)  is  worked  by  T,  the  lower  (LIC)  by  H. 
The  upper  cylinder  carries  the  inspiratory  and  expiratory  valves  (IV 
and  EV).  The  lower  has  a  slot  in  its  walls  (shown  in  dotted  lines) 
which  can  be  made  to  correspond  with  LS  by  turning  H.  When  T  is 
turned  as  in  the  diagram  the  upper  slot  is  open,  both  valves  act,  and 
expirations  escape  as  shown  by  the  arrow.  When  T  is  turned  com- 
pletely round,  the  upper  inner  cylinder  rotates,  the  valves  are  thrown 
out  of  action,  the  upper  slot  is  closed  (as  shown  by  dotted  line),  and 
to-and-fro  breathing  results.  Whether  air  or  nitrous  oxide  is  admitted 
to  the  face-piece  is  determined  by  the  position  of  H.  When  H  is 
placed  as  in  the  diagram  the  inner  cylinder  which  it  controls  allows  of 
a  free  passage  of  gas  from  the  bag  to  the  face-piece  (as  shown  by  the 
long  arrow).  Should  H  be  moved  round,  the  inner  cylinder  would 
cut  off  the  way  to  the  bag,  and  would  open  the  air  slot  (LS),  so  that  air 
and  not  gas  would  be  respired  (Fig.  19).  The  valved  stopcock  there- 
fore permits  : — 


In  actual  practice  we  arrange  the  stopcock  so  that  the  patient  may 
first  of  all  breathe  air  through  valves,  and  then  nitrous  oxide  through 
valves  ;  and  we  only  call  into  play  the  to-and-fro  breathing  of  nitrous 
oxide  under  special  circumstances,  to  which  future  reference  will  be 
made.  The  arrows  in  Fig.  19  indicate  the  direction  taken  by  the  air 
current  when  the  face-piece  is  applied  to  the  face,  i.e.,  before  nitrous 
oxide  is  turned  on  by  the  handle  H.  The  valves  should  work  easily. 
They  should  be  examined  before  use  to  see  that  they  do  not  stick  and 
that  they  have  in  no  way  become  caught  in  the  orifices  which  they 
guard.  The  whole  stopcock  has  wide  channels  through  it,  in  order 
that .  respiration  may  take  place  freely.  This  is  especially  necessary 
with  regard  to  the  air-hole,  in  order  that  when  the  apparatus  is  applied 
to  the  face  the  patient  may  feel  no  impediment  in  filling  his  chest  with 
air.  Many  forms  of  apparatus  have  channels  far  too  small  for  suc- 
cessfully administering  nitrous  oxide  gas.  The  face-piece  should 
be  furnished  with  a  broad  soft  air  cushion,  which  should  be  partly 
distended  with  air  by  means  of  the  little  tap  for  the  purpose.  Two  or 
three  sizes  are  necessary.  The  angle  of  the  face-piece  cushion,  into 
which  the  bridge  of  the  nose  fits,  should  be  acute,  in  order  that  the 
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(2.)  Nitrous  oxide  to  be  breathed 


(a)  through  valves,  or 

(b)  backwards  and  forwards. 
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face-piece  may  accurately  fit  the  patient.  No  apparatus  can  be 
considered  satisfactory  unless  it  allows  the  patient  to  breathe  air  through 
valves  hefore  nitrous  oxide  is  turned  on.  The  reason  for  this  statement 
w  ill  he  presently  discussed. 

In  administering  nitrous  oxide  the  following  directions  must 
be  borne  in  mind. 

1.  Make  sure  that  there  is  a  sufficient  supply  of  gas  before  com- 
mencing. As  already  stated,  two  cylinders  should  be  connected 
together  in  case  one  may  fall  short  or  work  badly.  Patients 
vary  as  to  the  quantity  of  nitrous  oxide  required  to  produce 
anaesthesia.  The  average  may  be  roughly  placed  at  six  gallons  per 
patient.  Tall  and  well-built  men,  alcoholic  subjects,  and  patients 
addicted  to  opium  or  chloral,  may  require  considerably  more  than 
this.  When  there  is  much  hair  around  the  mouth  it  is  often 
difficult  to  wholly  exclude  atmospheric  air,  and  hence  more 
nitrous  oxide  than  usual  may  be  needed.  In  such  cases  it  is  a 
good  plan  to  moisten  the  moustache  or  beard  before  applying  the 
face-piece,  and  to  keep  up  a  greater  pressure  than  usual  within 
the  gas  bag.  Anaemic  and  feeble  subjects,  as  well  as  children, 
may  usually  be  anaesthetised  by  three  or  four  gallons  of  the 
anaesthetic. 

2.  Run  a  small  quantity  of  nitrous  oxide  through  the  apparatus 
to  free  it  from  air :  fill  the  bag  to  about  two-thirds  with  the  gas  : 
and  then  turn  of  the  screio-valve  of  the  bottle.  The  apparatus  is 
now  charged  and  ready  for  use.  All  the  above  arrangements 
should  if  possible  be  made  out  of  sight  of  the  patient. 

3.  Breathe  through  the  face-piece  in  order  to  make  sure  that  the 
valves  are  acting  efficiently. 

4.  Adjust  the  mouth-prop,  should  one  be  necessary  (see  p.  45). 

5.  Gently  apply  the  face-piece  to  the  face  of  the  patient.  Success 
in  giving  nitrous  oxide  largely  depends  upon  the  accuracy  with 
which  the  face-piece  fits.  The  best  test  as  to  the  fitting  is  the 
soft  regular  sound  made  by  the  valves.  It  is  usually  a  good  plan 
to  tell  the  patient  that  he  is  simply  breathing  air,  and  to  request 
him  to  take  "long  deep  breaths,  in  and  out,  through  the  mouth." 
Should  the  face-piece  not  fit  well,  the  particular  sound  made  by 
the  particular  apparatus  when  its  valves  work  freely,  and  when  it 
fits  the  face,  will  not  be  produced ;  and  the  face-piece  must  be 
re-adjusted.  Never  turn  on  nitrous  oxide  till  it  is  quite  certain 
that  the  face-piece  fits,  and  that  the  patient  is  breathing  air 
freely  through  the  apparatus.  Some  patients  hold  their  breath 
and  pretend  to  be  breathing  deeply  when  in  reality  they  are  not 
doing  so.  Unless  the  patient  can  be  made  to  freely  fill  his  chest 
with  air  he  certainly  will  not  inhale  nitrous  oxide  when  the 
latter  is  substituted.    The  administrator  may  often  get  a  patient 
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to  breathe  freely  by  showing  him  how  to  respire.  Upon  this  free 
breathing  success  greatly  depends,  so  that  it  should  be  a  rule  not 
to  proceed  till  patient  breathes  in  a  proper  manner. 

6.  When  the  patient  is  observed  to  be  freely  filling  his  chest  with 
air  through  the  apparatus,  nitrous  oxide  should  be  turned  on.  At 
the  moment  that  this  is  done  the  gas-bag  should  not  be  over- 
distended  :  it  should  be  about  two-thirds  full.  In  some  forms 
of  apparatus  now  made,  the  patient,  in  the   first  instance, 


Fici.  21. — The  Administration  of  Nitrous  Oxide  for  a  Dental  Operation 
|(from  a  photograph). 


breathes  air  in  and  out  through  a  slot  and  not  through  valves. 
All  such  forms  of  apparatus  are  constructed  on  erroneous  prin- 
ciples. The  transition  from  air  through  valves  to  gas  through 
valves  is  hardly  noticed  by  the  patient ;  the  same  sound  is  made 
and  the  same  feelings  are  experienced  in  filling  the  chest.  But 
if  a  patient  is  first  allowed  to  breathe  air  in  and  out  through  a 
slot,  and  is  then  made  to  breathe  nitrous  oxide  through  valves, 
the  transition  is  more  noticeable  to  him,  and  more  likely  to  dis- 
turb his  breathing.  ■ 
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7.  The  bag  should  he  kept  nearly  full  throughout  the  administra- 
tion. At  the  same  moment  that  nitrous  oxide  is  admitted  to  the 
air-passages  of  the  patient,  the  administrator  should  gently  allow 
a  stream  of  gas  to  enter  the  bag  from  the  bottle.  Fig.  2 1  shows 
the  administration  of  nitrous  oxide  for  a  dental  operation  by 
means  of  the  apparatus  which  1  find  to  answer  best.  By  a  little 
management  hardly  any  noise  need  be  made  by  the  gas  issuing 
from  the  gas  cylinders.  Should  it  be  necessary  to  let  in  so  much 
gas  from  the  cylinder  that  more  noise  than  usual  results,  the 
patient  will  by  that  time  be  unable  to  hoar  it.  An  attempl 
should  be  made  to  give  the  gas  as  nearly  as  possible  slightly 
above  atmospheric  pressure.  Any  e\idence  of  excitement  should 
be  followed  by  a  slight  increase  in  the  pressure  of  the  bag,  as 
such  symptoms  are  probably  due  to  the  ingress  of  air  by  the  side 
of  the  face-piece.  In  the  case  of  tall  strong  men  it  is  best  to 
keep  up  a  slight  positive  pressure  throughout;  whereas  in  weakly 
patients  and  children  the  reverse  plan  may  be  followed.  In- 
creased pressure  in  the  gas-bag  probably  only  affects  the  adminis- 
t  ration  in  so  far  that  it  prevents  the  smallest  quantity  of  air 
gaining  admission  with  the  gas,  whilst  with  diminished  pressure 
a  small  percentage  of  air  probably  obtains  admission.  It  is,  at 
all  events,  certain  that  whilst  a  small  quantity  of  air  is  preju- 
dicial to  a  successful  anaesthesia  in  vigorous  subjects,  such  a 
dilution  of  the  gas  is  often  advantageous  in  fragile  persons  and 
children  (see  p.  113). 

8.  To-and-fro  breathing  of  nitrous  oxide  shoidd  not  be  •permitted 
except  under  certain  circumstances,  and  then  only  tov;ards  the  end  of 
the  administration.  A  great  deal  of  discussion  has  taken  place  as  to 
the  propriety  of  allowing  the  patient  to  re-breathe  nitrous  oxide 
during  the  administration.  The  matter  admits  of  consideration 
from  tvvo  points  of  view,  which  may  be  called  (a)  the  hygienic, 
and  (b)  the  practical.  From  the  hygienic  point  of  view,  we  must 
all  admit  that,  as  a  routine  procedure,  the  re-breathing  of  nitrous 
oxide  is  not  to  be  recommended.  It  is  next  to  impossible  to 
thoroughly  cleanse  nitrous  oxide  bags  after  every  administration  ; 
and  we  are  certainly  not  justified,  whatever  may  be  the  advantage 
of  the  plan,  in  allowing  one  patient  to  inhale  from  a  bag  into 
which  another  one  has  just  been  breathing.  From  the  practical 
point  of  view,  however,  the  question  assumes  a  totally  different 
aspect.  I  am  not  referring  to  to-and-fro  breathing  early  in  the 
administration ;  this  is,  of  course,  inadmissible  by  reason  of  the 
dilution  of  nitrous  oxide  which  would  result  from  its  admixture 
with  the  considerable  proportion  of  atmospheric  air  previously 
contained  in  the  air-passages  of  the  patient.  I  refer  to  to-and-fro 
breathing  towards  the  end  of  the  administration,  i.e.,  when  most 
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of  the  air  has  been  washed  out  of  the  air-passages  of  the  patient 
by  the  free  inhalation  and  exhalation  of  nitrous  oxide  thi'ough 
valves.  For  the  sake  of  clearness  let  us  suppose  that  we  have 
six  gallons  of  nitrous  oxide  ready  for  an  administration.  We 
allow  the  patient  to  breathe  four  gallons  of  this  through  valves, 
so  that  his  lungs  rapidly  lose  nearly  all  the  air  which  they  con- 
tained, and  all  expirations  escape  into  the  surrounding  atmos- 
phere. The  valve-action  is  now  stopped,  and  the  patient  is  made 
to  breathe  the  remaining  two  gallons  of  nitrous  oxide  back- 
wards and  forwards  into  the  bag.  Anaesthesia  will  take  a  little 
longer  to  become  established  than  usual,  because  of  a  small  per- 
centage of  oxygen  (probably  from  the  residual  air  of  the  lungs) 
being  still  in  the  to-and-fro  current.  Had  no  to-and-fro  breath- 
ing been  permitted,  the  phenomena  of  nitrous  oxide  anaesthesia 
would  have  come  on  earlier,  because  of  the  quicker  expulsion 
of  all  oxygen.  Now,  the  longer  inhalation  leads  to  a  longer 
anaesthesia,  so  that  from  some  points  of  view  this  plan  of  ad- 
ministering nitrous  oxide  has  distinct  advantages.  That  the  re- 
breathing  towards  the  end  of  the  administration  has  no  bad  effect 
upon-  the  patient  I  have  proved  by  a  very  large  number  of 
administrations.  I  have  found,  it  is  true,  that  the  recovery  is 
not  quite  so  rapid  as  when  nitrous  oxide  is  continuously  inhaled 
iu  the  usual  manner;  but  this  slight  difference  is  connected  with 
the  longer  period  of  inhalation.  The  longer  we  allow  a  patient 
to  inhale  an  anaesthetic,  the  longer,  as  a  rule,  will  he  be  in  re- 
gaining complete  control  and  consciousness.  Some  have  objected 
that  this  method  of  re-breathing  towards  the  end  is  more 
'  asphyxiating '  than  the  ordinary  method.  But  the  reverse  is 
probably  more  correct  if  by  asphyxiating  is  meant  the  occur- 
rence of  symptoms  dependent  upon  the  deprivation  of  oxygen. 
Y\  ere  it  not,  therefore,  for  the  hygienic  objections  above  alluded 
to,  the  plan  of  administering  nitrous  oxide  just  described  would 
certainly  have  advantages  over  others.1 

1  I  have  analysed  the  contents  of  the  gas-bag,  at  the  end  of  an  administra- 
tion, after  to-and-fro  respiration,  and  have  found  from  1.2  to  2.4  per  cent,  of 
oxygen  in  a  two-gallon  gas-bag  which,  from  the  moment  when  to-and-fro 
breathing  commenced  to  the  termination  of  the  administration,  remained  full  or 
nearly  full.  Full  details  of  the  experiments  are  given  in  the  Joum.  Brit.  Dent. 
Assoc.,  vol.  vii.  1886,  p.  86.  I  have  administered  nitrous  oxide  to  a  patient  on  six 
different  occasions.  On  three  of  these  I  adopted  the  ordinary  method,  allowing 
the  valves  to  act  throughout,  and  all  expirations  to  escape.  On  the  three 
other  occasions  the  patient  was  antesthetised  by  allowing  her  expirations  for 
the  first  and  major  part  of  the  inhalation  to  escape,  and  then,  when  the  lungs 
had  been  well  washed  out  with  gas,  to-and-fro  breathing  was  permitted.  The 
times  (a)  of  inhalation  and  (b)  of  resulting  anaesthesia  were  taken  on  each 
occasion,  and  are  of  much  interest  as  showing  the  slight  but  distinct  gain  in 
available  anaesthesia  when  to-and-fro  breathing  is  permitted  towards  the  close 
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B.    THE  EFFECTS  PRODUCED  BY  NITROUS  OXIDE 
WHEN  ADMINISTERED  FREE  FROM  OXYGEN. 

Owing  to  the  rapidity  wit]  1  which  the  phenomena  of  nitrous 
oxide  narcosis  make  their  appearance,  there  is  greater  difficulty 
in  arranging  them  into  groups,  and  in  recognising  degrees  or 
stages  in  the  administration,  than  in  the  case  of  ether  or  chloro- 
form. But  from  the  fact  that  nitrous  oxide,  more  particularly 
when,  administered  with  oxygen,  closely  resembles  ether  and 
chloroform  in  other  respects,  it  has  been  thought  best  to  adopt 
the  same  plan  that  will  be  followed  when  describing  the  pheno- 
mena which  attend  the  administration  of  the  last-named  agents. 
In  order  that  comparisons  may  be  drawn  between  nitrous  oxide 
on  the  one  hand  and  ether  or  chloroform  on  the  other,  we  must 
either  disregard  as  not  bearing  upon  the  question  those  pheno- 
mena which  in  the  case  of  nitrous  oxide  administered  per  se  are 
dependent  upon  temporary  absence  of  oxygen,  or,  better  still,  we 
must  compare  the  anaesthesia  of  nitrous  oxide  plus  oxygen  (see 
p.  126)  with  the  anaesthesia  of  agents  which  are  also  administered 
with  this  gas,  i.e.,  with  atmospheric  air. 

First  Degree  OP  Stage. —Nitrous  oxide  has  a  peculiar 
sweetish  taste  which  is  by  no  means  unpleasant.  Great  varia- 
tion will  be  found  to  occur  in  the  sensations  which  patients  ex- 
perience during  the  inhalation  of  this  agent.  When  administered 
in  the  proper  manner,  and  with  due  attention  to  details,  these 
sensations  will  be  more  likely  to  be  of  an  agreeable  than  of  a 
disagreeable  character.  Should  the  apparatus  possess  valves  which 
do  not  work  easily,  or  should  the  channels  through  which  the  gas 
is  made  to  pass  be  too  small,  or  should  the  patient  from  want  of 
confidence  or  knowledge  breathe  in  a  shallow  and  restrained 
manner,  an  unpleasant  experience  may  be  the  result.  A  feeling 
of  warmth  in  the  lips,  and  an  indescribable  though  pleasant 
numbness  over  most  of  the  body,  are  amongst  the  first  sensations 
noticed.  The  patient  has  an  irresistible  desire  to  breathe  more 
deeply  and  quickly.  These  sensations  are  rapidly  followed  by  a 
peculiar  and  pleasurable  '  thrilling '  which  hardly  admits  of 
description.  Almost  identically  the  same  sensations  mark  the 
first  stage  of  chloroform  inhalation.  Some  tinnitus  may  be 
present,  and  curious  sensations,  such  as  fulness  and  expansion  of 
the  head,  are  occasionally  experienced.    As  a  general  rule,  how- 

of  the  administration  (see  Journ.  Brit.  Dent.  Assoc.,  vol.  vii.  1SS6,  p.  342). 
The  average  available  anaesthesia  in  the  absence  of  to-and-fro  breathing  was 
39  seconds:  whilst  when  to  and-fro  breathing  was  permitted,  as  described, \tk 
workable  amusthesia  of  56  seconds  was  obtained. 
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ever,  loss  of  consciousness  comes  on  before  the  patient  has  time, 
so  to  speak,  to  define  his  feelings.  The  respiration  will  be 
observed  to  be  deepened  and  quickened  in  response  to  the  desire 
of  the  patient  just  alluded  to.  The  pulse,  as  Sir  George  Johnson 
has  pointed  out,  grows  fuller  under  the  finger ;  and,  according 
to  my  experience,  is  invariably  quicker  than  before  the  administra- 
tion. The  time  which  elapses  between  the  commencement  of  the 
inhalation  and  loss  of  consciousness  is  extremely  short,  being 
probably  about  10-15  seconds  on  the  average. 

Second  Degree  OP  Stage. — With  the  loss  of  normal  con- 
sciousness, disturbed  psychical  states  are  liable  to  arise.  As  a 
general  rule  the  patient  gives  little  or  no  evidence  of  such  dis- 
turbance, more  especially  if  allowed  to  remain  perfectly  quiet. 
If  roughly  handled  he  is  liable  to  become  excited  and  to  move  his 
arms  or  legs.  When  nitrous  oxide  is  properly  administered 
symptoms  of  excitement  are,  with  the  rarest  possible  exceptions, 
conspicuously  absent.  Any  injury  inflicted  during  this  stage 
would  produce  immediate  reflex  effects,  such  as  shouting,  co- 
ordinate, or  inco-ordinate  movement,  but  would  not  be  accurately 
remembered  by  the  patient.  Nitrous  oxide  is  often  accused  of 
producing  imperfect  anaesthesia,  because  operations  are  some- 
times commenced  at  this  stage.  Dreains  are  frequent,  but  are 
rarely  distinctly  remembered.  Sometimes  they  are  so  pleasant 
that,  at  the  conclusion  of  the  administration,  the  patient,  who  is 
unaware  of  having  been  deeply  anaesthetised,  is  sorry  to  be 
disturbed.  On  other  occasions  dreams  are  of  the  most  disagree- 
able character.  It  is  a  curious  fact  that  unpleasant  dreams  are 
more  common  under  nitrous  oxide  pel'  se  than  under  nitrous 
oxide  administered  with  oxygen — probably  because  the  anaes- 
thesia in  the  latter  case  is  deeper,  so  that  operations  or  other 
interferences  which  in  the  case  of  nitrous  oxide  itself  might 
leave  some  disturbed  impressions,  are  not  capable  of  doing  so 
when  the  narcosis  is  more  profound.  Erotic  dreams  are  occa- 
sionally experienced.1  The  respiration  is  still  quicker  and 
deeper  than  normal,  and  save  perhaps  for  an  occasional  act  of 
swallowing,  is  perfectly  regular.  In  some  cases  a  spurious  form 
of  stertor  may  occur  and  is  to  be  disregarded.  The  pulse  is  still 
full  and  a  trifle  quicker  than  in  the  previous  stage.  The  con- 
junctiva is  quite  sensitive  to  touch.  The  pupils  usually  grow 
larger  as  the  administration  proceeds.  The  features  gradually 
lose  their  normal  colour.  Duskiness  or  lividity  is  most  common 
in  patients  of  a  florid  type,  anasmic  and  sallow  persons  showing 
very  little  alteration  in  .appearance.  The  eyelids  are  usually 
affected  by  slight  twitching;  and  as  the  inhalation  proceeds  they 

1  See  Lancet,  vol.  ii.  1S72,  p.  721. 
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exhibit  a  tendency  to  separate  and  to  display  the  subjacent 
globes. 

Third  Degree  or  Stage.— The  first  indication  that  the 
patient  is  passing  or  has  passed  into  the  third  stage  of  anaesthesia 
is  usually  afforded  by  the  respiration.  The  breathing,  which  has 
hitherto  preserved  its  rhythm,  now  loses  it,  and  a  peculiar  and 
characteristic  throat-sound,  sometimes  described  as  'stertor,' 
becomes  audible.1  This  sound  is  most  probably  due  to  irregular 
and  spasmodic  elevations  of  the  larnyx  towards  the  epiglottis  and 
base  of  the  tongue,  and  indicates  a  tendency  to  obstruction  in  the 
air-way  at  this  point.  Deep  snoring  or  snorting  breathing  may 
be  met  with  in  certain  cases,  and  may  either  necessitate  the 
withdrawal  of  the  anaesthetic  before  the  time  has  come,  so  to 
speak,  for  the  deeper  throat-sound,  or  may  altogether  mask  the 
latter.  As  will  subsequently  be  pointed  out,  the  position  of  the 
head  and  the  conformation  of  the  upper  air-passages  will  have  an 
important  bearing  on  the  presence  or  absence  of  stertor.  At  or 
about  the  moment  at  which  the  characteristic  guttural  sound 
occurs,  the  rhythm  of  breathing  is  liable  to  be  further  interfered 
with  by  clonic  spasm  of  thoracic  and  abdominal  muscles.  Some- 
times, indeed,  a  sudden  irregularity  in  breathing,  totally  indepen- 
dent of  laryngeal  closure  or  'stertor,'  and  entirely  the  outcome  of 
this  muscular  spasm,  may  be  the  first  indication  of  deep  anaesthesia. 
It  occasionally  though  rarely  happens  that,  instead  of  respiration 
undergoing  the  changes  mentioned,  it  becomes  somewhat  feeble ; 
or  expiration  becomes  prolonged  and  rather  stridulous.  These 
phenomena  should,  in  the  presence  of  other  signs  of  anaesthesia, 
be  taken  to  mean  that  the  administration  has  been  pushed  suffi- 
ciently far,  and  air  should  be  admitted.  I  have  found  by  timing 
60  consecutive  cases  of  nitrous  oxide  administrations  that  the  aver- 
age number  of  respirations  required  to  produce  deep  anaesthesia 
was  29.2.  The  lowest  recorded  number  was  6  ;  the  nighest  72.  It 
need  hardly  be  pointed  out  that  it  is  very  exceptional  for  deep 
anaesthesia  to  follow  after  only  six  inspirations  of  the  gas ;  but 
the  number  is  quoted  in  illustration  of  the  fact  that  a  very  small 
quantity  of  this,  as  of  other  anaesthetics,  is  sometimes  needed  in 
order  to  produce  the  usual  phenomena. 

The  circulation  is  well  maintained  during  nitrous  oxide  narcosis, 
provided  that  care  is  taken  to  prevent  too  great  a  degree  of 
asphyxiation.  From  the  observation  of  a  considerable  number  of 
cases  I  have  found  that,  in  most  instances,  the  heart's  action  be- 
comes more  and  more  accelerated  as  the  administration  proceeds, 
and  that,  when  the  usual  phenomena  of  nitrous  oxide  narcosis 
occur,  the  pulse  is  often  veiy  rapid,  especially  in  those  whose 
1  The  word  '  stertor '  should,  I  think,  be  confined  to  snoring  sounds. 
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cardiac  action  was  quick  at  the  commencement  of  inhalation.  A 
pulse  of  120  immediately  before  the  administration  may,  for 
example,  rise  to  160  or  more  when  clonic  movements,  &c,  occur; 
whereas  a  pulse  of  80-90  at  the  beginning  of  the  inhalation  will 
often  not  exceed  100  or  110  in  the  third  stage.  As  the  pulse 
increases  in  frequency  it  loses,  to  a  certain  extent,  its  previous 
fulness ;  and  this  change  is  of  course  most  conspicuous  in  patients 
with  quick  cardiac  action.  Immediately  air  is  admitted  by  the 
withdrawal  of  the  anaesthetic,  the  pulse  undergoes  a  marked 
change.  It  at  once  becomes  slower  and  fuller.  A  pulse  of  140 
at  the  acme  of  anaesthesia  may  thus  suddenly  drop  to  about  80 
per  minute  before  the  effects  of  the  anaesthetic  have  passed  off. 
As  consciousness  becomes  restored,  the  pulse-rate  again  rises, 
being  influenced  by  mental  conditions,  after-pain,  &c. 

"With  regard  to  the  muscular  phenomena  considerable  varia- 
tion exists.  The  extremities  are  usually,  though  by  no  means  in- 
variably, flaccid.  When  respiration  undergoes  the  changes  above 
referred  to,  the  arm,  if  raised  by  the  administrator,  will  generally 
fall.  But  there  is  a  tendency,  when  nitrous  oxide  has  been  ad- 
ministered to  its  fullest  extent,  for  clonic  muscular  contractions  to 
occur  in  all  cases,  and  for  tonic  spasm  to  arise  in  many.  Clonic 
movements  of  the  extremities,  to  which  the  word  '  jactitation '  is 
often  applied,  are  extremely  common.  They  usually  manifest 
themselves  at  or  about  the  moment  at  which  respiratory  rhythm 
becomes  altered.  There  is  little  doubt  indeed  that  the  inter- 
mittent elevation  of  the  larynx,  the  irregular  conti-actions  of  the 
thoracic  and  abdominal  muscles,  and  the  clonic  movements  of  the 
extremities  are  correlated,  and  of  the  same  origin.  Tonic  muscular 
contraction  is  sometimes  very  pronounced,  not  only  in  the  ex- 
tremities but  in  the  neck,  back,  and  other  parts ;  some  patients, 
indeed,  pass  into  an  opisthotonic  condition  during  this  stage. 
Micturition  very  rarely  occurs,  but  is  sometimes  met  with  in 
children  when  the  clonic  movements  are  at  their  height.  Defalca- 
tion is  extremely  uncommon.  Prof.  Victor  Horsley  has  shown 1 
that  in  deep  nitrous  oxide  narcosis  the  superficial  plantar  reflex 
is  abolished,  but  the  deep  patellar  reflex  is  maintained.  Eulen- 
burg's  experiments 2  also  show  that  in  the  asphyxia!  state,  whether 
induced  mechanically  or  by  drugs  such  as  nitrous  oxide,  the 
superficial  reflexes  disappear  before  the  deep.  Dr.  Buxton3  found 
that  one-third  of  the  men,  and  nearly  one-third  of  the  women, 
anaesthetised  by  him  at  the  Dental  Hospital,  displayed  ankle- 
clonus  under  nitrous  oxide. 

1  Brain,  vol.  vi.  p.  369. 

-  Oentralblatt  fur  Med.  Wissensch.,  No.  6,  1S81. 
'■>  Brit.  Med.  Journ,,  September  24,  1SS7. 
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The  pupils  in  the  majority  of  cases  are  dilated  in  deep  nitrous 
oxide  anaesthesia.  In  some  cases,  even  though  the  anaesthetic 
has  been  freely  administered,  they  remain  of  moderate  size  or 
even  contracted. 

The  lid-reflex,  which  will  have  persisted  during  most  of  the 
administration,  now  either  becomes  less  marked  or  disappears. 
It  cannot  be  depended  upon  as  a  guide,  for  it  may  sometimes  be 
elicited  even  when  wide  dilatation  of  the  pupils,  and  other  signs 
indicative  of  the  anaesthetic  having  been  pushed  as  far  as  is 
advisable,  are  present. 

The  colour  of  the  features  is  invariably  altered,  the  change 
being  most  noticeable  at  the  height  of  the  muscular  phenomena. 
Flabby  and  apoplectic-looking  patients  usually  become  deeply 
cyanosed  when  fully  anaesthetised  by  nitrous  oxide. 

C.  TIME  TAKEN  TO  PRODUCE  DEEP  ANESTHESIA. 

The  time  taken  to  produce  deep  anaesthesia  varies  considerably 
in  different  subjects.1  By  timing  forty  consecutive  cases,  men, 
women,  and  children,  at  the  Dental  Hospital,  I  obtained  the 
following  results  : — 

Maximum  period  of inhalation      ....       70  sees. 
Minimum  .       ,,       ,,       .       .       .       .       .       25  ,, 
Average,     .       „       ,  51  „ 

If  the  bag  from  which  the  gas  is  being  inhaled  be  kept  slightly 
distended,  anaesthesia  will  ensue  more  rapidly  than  if  the  supply 
of  the  anaesthetic  be  less  freely  maintained.  This  is  probably 
owing  to  the  impossibility  of  any  atmospheric  air  gaining  admis- 
sion to  the  lungs  whilst  a  positive  pressure  is  being  kept  up  in 
the  gas-bag.  We  should  endeavour  to  administer  nitrous  oxide 
as  nearly  as  possible  at  atmospheric  pressure,  neither  allowing 
the  bag  to  become  too  much  distended,  nor  permitting  it  to 
become  so  nearly  exhausted  as  to  cause  a  slight  exertion  on  the 
part  of  the  patient  in  drawing  out  the  gas  from  the  bag. 

Children  and  anaemic  patients  may  sometimes  be  deeply 
anaesthetised  in  15  or  20  seconds;  whereas,  in  the  case  of 
robust  and  vigorous  subjects,  the  administration  may  have  to 
be  carried  on  for  from  1  to  2  minutes  before  signs  of  deep 
anaesthesia  are  witnessed. 

1  Dr.  Silk,  in  his  work  on  nitrous  oxide,  p.  66,  says,  "The  Odontological 
Committee  places  the  average  for  men,  women,  and  children  at  73.3  sees.,"' 
and  he  himself  in  eleven  cases  found  the  average  period  to  be  68.8  sees.  I 
cannot  help  thinking  these  figures  are  a  trifle  too  high  when  atmospheric  air 
is  stringently  excluded  and  the  valves  of  the  apparatus  work  accurately. 
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D.   AVAILABLE  PERIOD  OF  ANESTHESIA  AFTER 

INHALATION. 

The  available  period  of  anaesthesia  after  the  withdrawal  of  the 
anaesthetic  varies  from  a  few  seconds  to  two  minutes.  By  timing 
40  consecutive  cases  at  the  Dental  Hospital  I  arrived  at  the 
following  results : — 

Maximum  period  of  anceslhesia  after  inhalation      .        65  sees. 

Minimum  ,,  ,,  ,,  .        20  „ 

Average  ,,  „  ,,  -     42.1  „ 

Subsequent  experience  has  led  me  to  believe  that  42  sees,  is 
rather  too  high  an  average,  and  that  35  sees,  is  probably  more 
correct  as  a  workable  average.  There  is  considerable  difficulty  in 
deciding  when  true  anaesthesia  actually  terminates,  and  this  no 
doubt  accounts  for  the  discrepancies  in  the  statements  made  by 
various  authors.  The  period  of  available  anaesthesia  is  to  a  certain 
extent  dependent  upon  that  of  the  inhalation ;  a  long  inhalation 
being  followed,  as  a  general  rule,  by  a  long  anaesthesia,  and  vice 
versd.  Moreover,  in  dental  operations  the  duration  of  anaesthesia 
will  not  infrequently  be  found  to  be  influenced  by  the  position 
of  the  patient's  head,  and  more  especially  by  the  position  of  his 
tongue,  during  the  extraction  of  the  teeth.  Should  the  head  be 
fully  extended  and  the  operation  upon  the  upper  jaw,  nitrous 
oxide  will  have  every  chance  of  quickly  escaping,  and  conscious- 
ness may  thus  be  rapidly  regained.  If,  however,  the  head  be 
more  or  less  vertical  in  the  chair  and  the  operation  upon  the 
lower  jaw,  nitrous  oxide  may  not  escape  so  freely ;  either  by 
reason  of  the  tongiie  being  slightly  pressed  backwards,  or  from 
the  lower  jaw  being  so  driven  down  upon  the  sternum  that  the 
epiglottis  temporarily  obstructs  respiration  and  so  favours  the 
retention  of  the  anaesthetic  within  the  lungs. 

E.  DANGERS  CONNECTED  WITH  THE 
ADMINISTRATION. 

The  inhalation  of  nitrous  oxide  is,  in  the  hands  of  those  accus- 
tomed to  its  use,  practically  free  from  all  risk.  It  is  necessary, 
however,  to  make  some  reference  not  only  to  the  symptoms  which 
would  attend  an  over-dose  of  this  agent,  but  to  certain  other 
remote  dangers. 

1.  The  Administration  of  an  Over-dose :  Fourth  Degree 

Or  Stage. —  In  moderately  healthy  subjects  the  persistent 
administration  of  nitrous  oxide  causes  arrested  breathing  before 
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indications  of  grave  cardiac  depression  occur.  With  the  cessa- 
tion of  respiration  the  pupils  become  widely  dilated,  the  eyes 
upturned,  and  the  features  of  a  pronounced  livid  hue.  Clonic 
muscular  phenomena  may  now  occur  for  the  first  time,  or,  if 
previously  present,  may  continue.  Micturition  or  defalcation 
may  take  place.  The  immediate  cause  of  failure  of  breathing 
appears  to  be  spasmodic  contraction  of  muscles  directly  or  in- 
directly concerned  in  maintaining  free  respiration.  As  indicated 
above  there  is,  even  in  ordinary  pract  Lee,  a  slight  tendency  towards 
obstructed  breathing;  but  immediately  air  is  admit  ted  by  the 
removal  of  the  face-piece  all  such  tendency  subsides.  .Should 
atmospheric  air  be  withheld,  in  other  words,  should  the  administra- 
tion be  continued  beyond  (ho  proper  limit,  breathing  will  cease, 
from  obstruction  at  the  superior  aperture  of  the  larynx,  from 
spasm  of  the  respiratory  muscles,  from  actual  paralysis  of  the 
thoracic  and  abdominal  movements,  or  from  more  than  one  of 
these  causes.  By  carefully  watching  the  respiratory  phenomena 
which  accompany  deep  anaesthesia  from  nitrous  oxide,  it  would 
seem  fairly  certain  that,  were  the  administration  of  this  gas  to  be 
pushed  to  a  lethal  degree,  respiration  would,  in  most  instances, 
come  to  a  standstill  from  obstruction  and  spasm  rather  than  from 
primary  paralysis  of  respiratory  muscles.  We  occasionally  meet 
with  a  very  feeble  form  of  respiration  under  nitrous  oxide  ;  but 
not  in  moderately  healthy  persons.  The  latter  usually  if  not 
invariably  show  a  distinct  tendency  to  obstructed  or  spasmodic 
breathing  when  nitrous  oxide  is  pushed  to  its  fullest  extent. 
Whatever  may  be  the  immediate  cause  of  respiratory  failure 
under  nitrous  oxide,  the  all-important  fact  remains  that  breathing 
always  shows  signs  of  cessation  before  the  circulation  is  arrested. 
The  length  of  time  the  heart  would  hold  out  against  these  asphyxial 
symptoms  would  depend  to  a  great  extent  upon  its  previous  nutri- 
tion and  strength.  In  the  case  of  young  and  vigorous  subjects 
experience  shows  that  a  comparatively  long  period  of  suspended 
breathing  elapses  before  the  heart's  action  becomes  seriously 
depressed  ;  whereas,  in  debilitated  or  flabby  subjects,  with  dilated, 
fatty,  or  feeble  hearts,  any  prolonged  interference  with  respira- 
tion would  much  more  quickly  lead  to  final  cardiac  arrest. 

2.  The  Passage  of  Foreign  Bodies  into  the  Larynx  or 

Trachea  during  Anaesthesia. —This  danger  acquires  special 
importance  in  connection  with  nitrous  oxide  when  used  for  dental 
operations  (see  Part  III.  Chap.  II.,  p.  296). 

3.  Respiratory  Failure  occurring  independently  of 
the  Causes  referred  to  in  1  and  2.— Loud  snoring  stertor, 

such  as  that  commonly  met  with  in  florid  and  stout  patients, 
and  due  to  the  base  of  the  tongue  coming  in  contact  with  the 
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pharynx,  may  pass  into  obstruction,  which  can  be  relieved  by 
pushing  the  lower  jaw  forwards,  hooking  the  base  of  the  tongue 
forwards,  or  actual  tongue  traction.  The  jaws  may  become 
clenched,  and  breathing  suspended  (p.  22).  The  senile  and 
morbid  changes  which  predispose  to  respiratory  embarrassment 
under  nitrous  oxide  have  already  been  considered  when  dis- 
cussing "The  general  condition  of  the  patient"  (Part  I.  Chap. 
II). 

4.  Circulatory  Failure  :  Syncope. — There  is  every  reason 

to  believe  that  moderately  healthy  persons  under  nitrous  oxide 
are  not  liable  to  syncope,  except  as  the  result  of  respiratory 
difficulties.  I  have  been  unable  to  find  any  reliable  account  of 
grave  or  fatal  syncope  from  imperfect  anaesthesia  under  nitrous 
oxide ;  and  when  we  remember  that  hundreds,  and  possibly 
thousands  of  patients  are  daily  subjected  to  dental  operations, 
whilst  in  the  first  and  second  degrees  of  anaesthesia,  it  is  probable 
that  the  risk  of  syncope  from  this  cause  has,  in  the  case  of 
nitrous  oxide,  been  over-estimated.  The  liability  to  cardiac 
failure  in  patients  with  feeble  circulation,  cardiac  disease,  and 
allied  states,  has  already  been  considered  (Part  I.  Chap.  II.,  p. 
25.    See  also  Illustrative  Case,  No.  42,  p.  321). 

Extremely  few  fatalities  have  arisen  in  moderately  healthy 
persons,  from  the  direct  effects  of  nitrous  oxide.  When  we 
reflect  that  this  agent  has  now  been  used  in  millions  of  cases, 
and  that  it  is  constantly  being  administered  by  unqualified 
persons,  to  patients  of  all  descriptions,  we  cannot  but  be  struck 
by  its  marvellous  safety  as  an  anaesthetic.  When  the  inhalation 
of  this  gas  has  been  followed  by  death,  there  has  usually  either 
been  some  mechanical  interference  with  respiration  prior  to  the 
administration,  or  the  circulatory  apparatus  of  the  patient  has 
been  so  seriously  disorganised  that,  during  the  strain  imposed 
upon  it  by  a  too  prolonged  or  incautious  inhalation,  the  heart 
has  failed.1 

1  See  a  case  reported  in  the  Brit.  Journ.  o  f  Dent.  Scien.,  October  15,  1889, 
p.  924.  Patient  set.  71,  stout  and  flabby.  Corsets  not  loosened.  Stomach 
contained  food.  Syncope  probably  arose  in  the  following  manner.  (1.)  Heart 
feeble  and  fatty.  (2.)  Venous  system  became  engorged,  and  especially  the 
right  side  of  the  heart,  during  the  administration.  (3.)  Patient  unable  to 
freely  respire  by  reason  of  tight-lacing.  (4.)  When  anesthetic  withdrawn, 
cardiac  failure  from  combined  causes. 

For  another  fatal  case  see  Trans.  Odont.  Soc,  vol.  v.  New  Series,  1873,  p.  83. 
Patient  suffered  from  enlarged  tonsils  and  uvula.  iVsphyxial  symptoms  after 
inhalation  probably  due  to  increase  in  the  size  of  tonsils  and  adjacent  parts 
(see  Part  III.  Chap.  II.  p.  287  of  this  book).  For  other  cases  see  also  Brit. 
Journ.  Bent.  Scien.,  February  15,  1SS5,  P-  164;  Trans.  Odont.  Soc,  vol.  ix. 
1877,  p.  218  ;  Lancet,  June  28,  1890,  p.  1451  ;  and  Journ.  Brit.  Bent.  Assoc., 
October  1880,  p.  504. 
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F.  THE  DEPTH  OF  ANESTHESIA  NECESSARY  FOR 
SURGICAL  OPERATIONS. 

Although  nitrous  oxide  usually  produces  anaesthesia  of  suffi- 
cient depth  for  the  satisfactory  performance  of  brief  surgical 
operations,  we  cannot  always  depend  upon  that  freedom  from 
reflex  movement  and  phonation  which  in  the  case  of  ether  or 
chloroform  invariably  chai-acterises  the  third  degree  of  inhalation. 
Anesthesia  may  be  said  to  be  at  its  height  when  any  irregular 
twitchings,  either  in  the  respiratory  muscles  or  elsewhere,  make 
their  appearance  \  and  it  is,  as  a  general  rule,  necessary  to  push 
the  administration  to  this  point,  before  removing  the  face-piece 
for  the  operator  to  commence.  Should  the  peculiar  and  charac- 
teristic gulping  sound  already  referred  to  come  on  before  obvi- 
ous muscular  twitching,  it  should  likewise  be  taken  to  mean 
that  the  patient  is  ready  for  the  operation.  A  snoring  stertor 
coming  on  early  in  the  inhalation  should  be  disregarded,  unless 
it  tends  to  increase,  and  to  pass  into  an  obstructed  form  of 
breathing;  in  which  case  the  operation  must  be  permitted  to 
commence.  In  one  or  two  cases  I  have  known  prolonged  and 
somewhat  difficult  expiration  to  replace  other  signs  of  narcosis. 
I  have,  moreover,  met  with  cases  in  which  just  at  the  acme  of 
anaesthesia,  the  patient  has  made  a  sudden  attempt  at  retching. 
Under  such  circumstances  as  these,  the  administration  should  be 
discontinued.  Any  marked  feebleness  of  the  pulse  or  respiration 
should  also  be  taken  as  an  indication  to  remove  the  inhaler. 
Dilatation  of  the  pupils  is  usually  present  in  deep  nitrous  oxide 
anaesthesia,  though  it  cannot  be  relied  upon  as  a  guide. 

It  is  very  desirable  that  the  deepest  possible  anaesthesia  should 
be  present  for  surgical  operations  under  nitrous  oxide.  Although 
the  extraction  of  a  tooth  during  imperfect  anaesthesia  may  not 
give  the  patient  the  sensation  which  we  call  pain,  the  operation 
may,  under  such  circumstances,  produce  such  a  horrible  and  ill- 
defined  feeling,  or  give  rise  to  such  an  unpleasant  dream,  that  it 
is  questionable  whether  the  patient  has  gained  anything  by  the 
inhalation  of  gas.  In  addition  to  these  considerations  the  per- 
formance of  an  operation  during  imperfect  anaesthesia  may  be 
attended  by  much  inconvenient  tonic  muscular  spasm,  which  in 
dental  surgery  is  objectionable  from  the  liability  of  extracted 
teeth,  &c,  to  fall  backwards  during  opisthotonus.  Some  authori- 
ties, moreover,  maintain  that  a  distinct  risk  of  reflex  syncope 
results  from  the  performance  of  an  operation  during  partially 
complete  anaesthesia.1 

1  See  Dr.  Buxton's  work  on  Anaesthetics,  p.  39. 
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Amongst  the  signs  of  returning  consciousness  may  be 
mentioned — re-appearance  of  the  normal  colour  of  the  lips  and 
cheeks;  reflex  dilatation  of  the  pupil  (should  the  operation  be 
going  on) ; 1  and  facial  or  other  muscular  movements  indicative 
of  pain.  So  long  as  any  duskiness  of  the  features  remains  the 
operation  may,  as  a  rule,  be  continued. 

"When  prolonged  anaesthesia  is  required  the  anaesthetic  may  be 
re-applied  from  time  to  time  as  the  patient  tends  to  come  out  of 
the  narcosis.  As  the  anaesthesia  from  a  dose  of  nitrous  oxide 
lasts  for  about  30  sees.,  intervals  for  air  of  about  20  sees, 
may  be  allowed.  Only  a  few  breaths  of  the  gas  will  now  be 
needed  at  a  time,  for  the  patient  will  be  found  to  become  rapidly 
re-anaesthetised. 

G.  AFTER-EFFECTS. 

One  of  the  chief  advantages  of  nitrous  oxide  is  that,  as  a 
general  rule,  it  leaves  behind  no  after-effects  whatever.  But  in 
order  to  secure  this  desirable  result,  the  operation  must  be  per- 
formed at  the  acme  of  anaesthesia,  no  re-breathing  must  be 
permitted,  and  every  care  taken  to  place  the  patient's  mind  at 
rest  as  much  as  possible.  The  shorter  the  time  the  patient  has 
been  under  the  anaesthetic,  the  more  perfect,  other  things  being 
equal,  will  the  recovery  be.  Long  inhalations,  as  from  the  acci- 
dental or  purposive  admission  of  air,  or  from  the  employment  of 
methods  involving  a  variable  degree  of  re-breathing,  are  not 
infrequently  followed  by  a  corresponding  tardiness  of  recovery, 
with  transient  stupor,  or  headache.  A  feeling  of  numbness  ('  pins 
and  needles ')  in  the  extremities  is  not  uncommonly  experienced 
after  an  inhalation.  Nausea  and  vomiting  are  extremely  rare  as 
after-effects,  and  usually  result  from  the  entrance  of  blood  into 
the  stomach  during  or  after  the  operation.  Although  nitrous 
oxide  rarely  produces  vomiting  when  given  shortly  after  a  full 
meal,  the  chance  of  sickness  is  certainly  greater  than  under  other 
circumstances.  I  have  seen  one  case  in  which  violent  retching 
always  followed  the  inhalation  of  the  gas,  no  matter  what  precau- 
tions were  adopted.  A  double  administration  of  nitrous  oxide 
will  be  liable  to  produce  vomiting  if  any  food  be  in  the  stomach  ; 
this  is  especially  the  case  with  children. 

Hysterical  outbursts,  or  transient  states  of  hallucination  and 

1  The  dilatation  occurring  from  a  full  dose  of  the  anassthetic  passes  gradually 
away  when  air  is  admitted  ;  but  a  second  dilatation  of  reflex  origin,  i.e.,  due 
to  the  continuance  of  the  operation,  is  common.  As  a  rule  one  cannot 
depend  upon  more  than  a  few  seconds'  anaesthesia  after  the  pupils  have 
become  smaller  from  the  admission  of  air 


112    •  :,.JLNVJ«THET-ICS'  AND  THEIR  ADMINISTRATION'. 


struggling,  are  sometimes  met  with  after  the  administration  of 
nitrous  oxide,  but  are  very  exceptional  when  the  gas  has  been 
properly  given,  and  the  operation  performed  during  the  acme  of 
anaesthesia. 

Protracted  stupor,  cataleptic  states,  hemiplegia,1  and  even 
insanity2  have  one  and  all  followed  the  administration  of  nitrous 
oxide ;  but  such  sequelae  are  exceedingly  rare. 

Temporary  glycosuria  and  even  true  diabetes-  are  also  said  to 
have  been  produced  by  the  inhalation  of  nitrous  oxide;  but 
the  evidence  in  favour  of  such  charges  cannot  at  present  be  re- 
garded as  conclusive. 


Section  II. — Nitrous^Oxide  administered  with  Air. 

The  title  to  this  section  may  cause  some  surprise,  seeing  that 
the  rigid  exclusion  of  air  is,  by  most  authorities,  regarded  as  the 
chief  essential  to  success  in  the  use  of  nitrous  oxide.  The  belief 
is  current,  indeed,  that  in  the  presence  of  air  this  gas  has  no 
anaesthetic  effects.  By  carefully  watching  the  various  methods 
in  use  for  administering  nitrous  oxide,  J  am  led  to  the  conclusion, 
however,  that,  either  from  some  imperfection  in  the  apparatus 
employed,  or  from  some  slight  inaccuracy  in  the  fitting  of  the 
face-piece,  a  small  percentage  of  air  frequently,  and  perhaps 
usually,  obtains  admission  to  the  lungs  during  the  inhalation  of  the 
gas.  Mr.Woodhouse  Brainehas,  I  believe,  often  demonstrated  the 
fact  that  excitement  by  no  means  necessaiuly  follows  the  letting 
in  of  a  breath  of  air  occasionally  during  the  administration.  The 
symptoms  met  with  when  air  is  allowed  to  be  breathed  with 
nitrous  oxide  appear  to  be  chiefly  regulated  by  (i)  the  per- 
centage of  air  employed,  and  (2)  the  general  physique  and 
strength  of  the  patient.    Nitrous  oxide  may  be  regarded  as  an 

1  A  curious  case  is  reported  by  Dr.  Ashford  (Amcr.  Journ.  Med.  Scicn., 
New  Series,  vol.  57,  1869,  p.  40S).  A  girl  of  sixteen  became  insensible  for  two 
hours  after  the  exhibition  of  nitrous  oxide.  Headache,  dizziness,  and  left 
hemiplegia  followed.  Dr.  H.  C.  Wood  also  refers  to  another  case  (Brit. 
Med.  Journ.,  Aug.  16,  1890,  p.  385),  which  occurred  in  Philadelphia:  "A 
gentleman  arose  from  the  dentist's  chair  after  an  inhalation  of  nitrous  oxide, 
staggered,  and  fell  in  an  apoplexy." 

2  See  an  interesting  paper  by  Dr.  Savage,  '  Insanity  following  the  Use  of 
Anaesthetics  in  Operations'  (Brit.  Med.  Journ.,  Dec.  3,  18S7,  p.  1199),  in 
which  is  mentioned  the  case  of  a  young  woman,  a  chronic  alcoholic,  and  liable 
to  hysterical  attacks,  who,  after  the  extraction  of  teeth  under  nitrous  oxide  gas, 
was  attacked  by  delirious  mania,  which  lasted  for  three  weeks  and  terminated 
in  dementia.  Dr.  Savage  regards  the  anaesthetic  as  the  immediate  cause  of  the 
attack. 

3  See  Brit.  Med.  Journ.,  August  16,  1S90,  p.  3S5. 
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anaesthetic  which  admits  of  dilution  in  some  cases,  but  of  no  such 
dilution  in  others.  Though  there  are  numerous  exceptions  to 
the  rule,  we  may  say  that,  other  things  being  equal,  the  stronger 
and  more  vigorous  the  patient,  the  stronger  must  the  nitrous 
oxide  be,  and  the  more  careful  must  we  be  to  exclude  air. 

Small  quantities  of  air  (1-5  per  cent.)  with  nitrous  oxide  have 
very  little  or  no  effect  in  modifying  the  phenomena  already  de- 
scribed as  belonging  to  nitrous  oxide  per  se.  Many  patients 
may,  in  fact,  be  successfully  anaesthetised  by  nitrous  oxide  mixed 
with  as  much  as  12  per  cent.,  or  even  more,  of  air.  Strongly 
built  and  full-blooded  persons  are  not  such  satisfactory  subjects 
for  what  we  may  term  diluted  nitrous  oxide,  as  children  and 
patients  of  fragile  build.  The  greater  the  percentage  of  air 
present,  the  longer  will  be  the  period  of  inhalation,  and  the  less 
pronounced  will  be  the  cyanosis,  stertor,  tumultuous  respiration, 
and  clonic  movements.  Excitement,  laughter,  struggling,  and 
other  signs  of  imperfect  anaesthesia  will  only  be  likely  to  occur 
if  the  percentage  of  air  be  too  great  in  the  particular  case. 
Patients  who  are  very  quickly  anaesthetised  by  nitrous  oxide  free 
from  all  oxygen,  and  who  consequently  remain  a  very  short  time 
under  its  influence,  will  sometimes  be  found  to  be  better  subjects 
for  nitrous  oxide  diluted  with  a  small  percentage  of  air  than  for 
the  undiluted  gas.  The  presence  of  air  permits  a  longer  inhala- 
tion, and  the  latter  leads  to  a  longer  anaesthesia.  The  symptoms 
often  met  with,  when  nitrous  oxide  is  administered  to  .patients 
with  very  bristly  beards,  deserve  notice  in  this  connection.  In 
such  cases  it  is  very  difficult  to  absolutely  exclude  atmospheric 
air,  even  though  the  face-piece  employed  be  accurately  adjusted. 
A  long  period  of  inhalation  (due  to  a  small  proportion  of  air) 
results ;  the  colour  of  the  face  never  becomes  so  completely 
changed  as  with  nitrous  oxide  alone ;  the  clonic  movements  and 
characteristic  respiratory  phenomena  of  ordinary  nitrous  oxide 
narcosis  are  frequently  barely  perceptible ;  and  the  resulting 
anaesthesia  is  of  longer  duration  than  that  usually  produced.  If 
care  be  not  taken  to  exclude  air  as  much  as  possible  in  such 
subjects,  too  much  may  gain  admission,  and  thus  lead  to  uncon- 
trollable excitement  and  very  imperfect  anaesthesia.  It  is  an 
interesting  fact  that  anaemic  persons  may  be  rendered  quietly 
and  deeply  unconscious  by  nitrous  oxide  with  a  percentage  of  air 
which  in  other  patients  would  almost  certainly  produce  excite- 
ment and  struggling. 

.Mr.  George  Rowell1  believes  that  nitrous  oxide  administered 
with  air  gives  better  results  in  the  majority  of  cases  than  nitrous 

1  See  '  On  Some  Points  in  the  Administration  of  Nitrous  Oxide '  (Journ. 
Brit.  Dent.  Assoc.,  October  15,  1892,  p.  669). 
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oxide  alone — a  conclusion  at  which  he  has  arrived  after  having 
adopted  the  method  in  more  than  iooo  cases.  He  gives  air 
with  gas  by  interspersing  single  inspiration*  of  air  amongst  the 
breaths  of  gas,  using  my  apparatus  (Figs.  18,  19,  and  20).  The 
first  breath  of  air  is  not  administered  until  after  from  ten  to 
twenty  breaths  of  gas  have  been  taken  (according  to  the  type  of 
patient),  when  the  stage  of  excitement  has  presumably  gone  by. 
He  recommends  that  some  air  be  given  to  all  patients  except 
(1)  healthy  and  strong  adult  males,  and  (2)  those  patients, 
occasionally  but  rarely  met  with,  who  invariably  display  rigidity 
or  considerable  struggling  under  nitrous  oxide.  He  urges  that 
the  resulting  anaesthesia  is  usually  of,  at  least,  as  satisfactory  a 
character  as  when  nitrous  oxide  free  from  air  is  given,  and  that 
it  is  of  longer  duration.  In  the  vast  majority  of  cases  the 
extra  time  gained  for  operating  is  at  least  10  sees.,  and  often 
much  more. 

But  as  a  routine  practice  the  admixture  of  air  with  nitrous 
oxide  can  hardly  at  present  be  regarded  as  advisable,  save  perhaps 
in  the  hands  of  experienced  administrators.  As  already  indicated, 
the  tendency  of  those  who  have  had  but  a  short  experience  with 
nitrous  oxide  is  to  unintentionally  admit  air  when  administering 
the  gas,  so  that  any  plan  which  depends  for  its  success  upon  the 
intentional  admission  of  small  quantities  of  air  might  easily  fail. 

As  an  oxygenating  agent  air  is,  for  reasons  which  will  be 
presently  discussed,  very  far  behind  oxygen.  The  supporters  of 
the  gas-and-air  system  do  not,  however,  claim  for  it  any  great 
reduction  in  asphyxial  symptoms. 

Section  III. — Nitrous  Oxide  administered  with  Oxygen. 

Pure  nitrous  oxide  cannot  be  inhaled  for  more  than  a  brief  space 
of  time,  owing  to  the  deprivation  of  free  oxygen  which  necessarily 
occurs  during  the  administration.  If  the  inhalation  of  the  gas  be 
carried  beyond  the  proper  limits,  asphyxia  quickly  supervenes. 
Whilst  all  must  admit  the  asphyxiating  properties  of  nitrous 
oxide  when  pushed  to  an  unnecessary  and  dangerous  extent, 
there  are  some  who  deny  the  existence  of  symptoms  referable  to 
the  want  of  oxygen  when  the  gas  is  administered  to  the  customary 
degree.  But  there  is  good  ground  for  believing  that  certain  of 
the  symptoms  which  we  are  accustomed  to  witness  during  an 
ordinary  exhibition  of  nitrous  oxide  are,  in  reality,  dependent  upon 
the  absence  of  oxygen.  That  the  anaesthesia  is  not  due  to 
asphyxia  is  probable  from  the  fact  that  it  is  possible  to  secure 
absolute  unconsciousness  to  pain,  muscular  relaxation,  &c,  from 
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nitrous  oxide  mixed  with  such  a  proportion  of  oxygen  that  the 
development  of  obvious  asphyxial  phenomena  is  rendered  physio- 
logically impossible.  Cyanosis,  jerky  and  irregular  breathing, 
deep  stertor,  and  clonic  movements  of  the  extremities,  are  symp- 
toms which,  for  many  reasons,  might  well  be  dispensed  with 
during  the  use  of  nitrous  oxide.  Whatever  may  be  their  signifi- 
cance, these  phenomena  are  certainly  suppressed  when  this  gas  is 
administered  with  about  10  or  15  per  cent,  of  oxygen. 

From  what  has  been  said  in  the  preceding  section  of  this 
chapter  it  is  clear  that,  in  a  limited  number  of  cases,  it  is  possible, 
by  the  simple  dilution  of  nitrous  oxide  with  air,  to  lessen  the 
tendency  to  lividity,  tumultuous  breathing,  and  jactitation, 
without  interfering  with  the  anaesthetic  effects  of  the  gas.  As  a 
routine  procedure,  however,  the  admixture  is  not  to  be  recom- 
mended. There  is  one  formidable  objection  to  the  use  of  air  as 
an  oxygenating  agent,  viz.,  that  it  contains  such  a  large  per- 
centage of  nitrogen.  Although  this  latter  gas,  when  given  alone, 
will  produce  anaesthesia  by  excluding  oxygen,1  it  cannot  in  any 
way  contribute  towards  anaesthesia  in  the  presence  of  that  per- 
centage of  oxygen  which  is  capable  of  preventing  cyanosis  and 
clonic  muscular  spasm.  If  we  administer  with  nitrous  oxide  a 
percentage  of  air  which  will  prevent  lividity  and  the  other 
symptoms  referred  to,  we  shall,  in  most  cases,  also  prevent  deep 
anaesthesia,  owing  to  the  small  percentage  of  nitrous  oxide  which 
would  be  possible  in  such  a  mixture.  For  example  :  a  mixture  of 
40  per  cent,  of  air  and  60  per  cent,  of  nitrous  oxide  would  contain 
about  8  per  cent,  of  oxygen  and  about  3  2  per  cent,  of  nitrogen ; 
and  although  the  8  per  cent,  of  oxygen  would  be  sufficient  to 
nearly  or  completely  preserve  the  natural  colour  of  the  patient's 
face,  and  to  suppress  clonic  muscular  spasm,  the  60  per  cent,  of 
nitrous  oxide  would  probably  be  insufficient  to  produce  tranquil 
anaesthesia.  If,  however,  instead  of  using  air  for  oxygenating 
purposes,  we  employ  oxygen,  we  shall  be  able  to  replace  the  32 
per  cent,  of  useless  nitrogen  by  a  corresponding  quantity  of  useful 
nitrous  oxide,  and  the  proportion  of  the  latter  will  now  rise  to 
92  per  cent.  With  such  a  large  percentage  of  nitrous  oxide, 
anaesthesia  is  almost  certain  to  become  established,  and  the  per- 
centage of  oxygen  remaining  the  same  as  in  the  nitrous  oxide- 
and-air  mixture,  cyanosis  and  other  evidences  of  diminished  blood 
oxygenation  will  be  prevented.  These  few  considerations  will  act 
as  a  link  to  connect  the  preceding  with  the  present  section. 

1  The  reader  is  referred  to  pp.  268  and  269,  where  he  will  find  details  of  several 
cases  in  which  I  administered  nitrogen  for  tooth  extractions. 


I  I  6         ANAESTHETICS  AND  THEIE  ADMINISTRATION. 


I.  Niti  'ous  Oxide  and  Oxygen  administered  under  Increased 
Atmospheric  Pressure  (Paul  Bert's  Method). 

The  late  Paul  Bert  was  the  first  to  attempt  to  secure  tranquil 
and  perfect  anaesthesia  from  nitrous  oxide  in  the  presence  of 
oxygen.  After  a  large  number  of  experiments  he  came  to  the 
conclusion  that,  at  ordinary  atmospheric  pressures,  such  a  form 
of  anaesthesia  was  unattainable.  He  regarded  nitrous  oxide  as 
an  agent  which,  at  normal  pressures,  could  only  produce  anaes- 
thesia when  administered  by  itself,  that  is,  free  from  all  other 
gases.  The  following  remarks  which  he  made  in  connection 
with  this  subject  will  express  his  views : 1 — 

"My  experiments  have  demonstrated  that,  in  an  animal  breathing 
pure  nitrous  oxide,  when  anaesthesia  is  established,  100  volumes  of 
arterial  blood  contain  45  vols,  of  nitrons  oxide.  If,  then,  we  in- 
troduce into  the  blood  45  vols,  of  nitrous  oxide  for  every  100  vols, 
of  blood,  we  shall  obtain  anaesthesia.  Now,  when  pure  nitrous  oxide 
is  contained  in  a  bag  under  ordinary  pressure  this  gas  is  at  the  tension 
of  100.  But  if  the  bag  of  gas  is  placed  in  an  air-tight  chamber,  the 
pressure  in  which  is  raised  to  two  atmospheres,  the  tension  of  the  gas 
in  the  bag  will  be  200.  And  if  this  bag  within  the  air-tight  chamber, 
instead  of  containing  100  per  cent,  of  nitrous  oxide,  viz.,  this  gas  in  a 
state  of  perfect  purity,  contain  only  50  per  cent.,  the  tension  of  this 
50  per  cent,  of  nitrous  oxide  will  be  equal  to  100,  that  is  to  say, 
the  quantity  of  nitrous  oxide  will  be  exactly  that  which  is  necessary 
to  induce  anaesthesia.  The  other  50  per  cent,  can  therefore  be  occupied 
by  another  gas  for  sustaining  life,  viz.  oxygen,  and  it  will  therefore  be 
possible  to  carry  out  prolonged  operations.  I  have  chosen  these  figures 
to  render  the  explanation  or  the  method  at  which  I  have  aimed  more 
intelligible.  But  they  must  not  be  considered  as  indicating  the  pro- 
portions of  the  oxygen  and  nitrous  oxide  to  be  employed.  The 
projiortion  of  oxygen  would  be  too  high,  in  fact  we  know  that  air 
contains  only  21  per  cent.  The  problem  therefore  resolves  itself 
into  a  very  simple  calculation.  By  mixing  85  parts  of  nitrous  oxide 
with  15  parts  of  oxygen  it  is  only  necessary  to  raise  the  pressure  to 
89.5  cm.  Supposing  the  barometrical  pressure  to  be  76  cm.,  an  extra 
pressure  of  only  13.5  cm.  of  mercury  is  required  to  induce  anaesthesia. 
Under  these  conditions  the  animal  operated  upon  soon  falls  asleep 
and  into  deep  anaesthesia.  The  circulation  and  respiration  are  in  no 
way  influenced  by  the  nitrous  oxide,  though  the  perceptive  faculties 
are  suspended,  and  if  the  quantity  of  the  gaseous  mixture  inhaled 
by  the  animal  is  sufficient,  it  is  possible  to  maintain  the  most  absolute 
anaesthesia  for  several  hours/' 

After  a  series  of  satisfactory  experiments  upon  lower  animals 
Bert  put  his  theory  to  a  practical  test.    He  had  constructed  for 

1  Progrds  Midicale,  No.  9,  1880.  See  also  Tra'iti  d'Ancsthdsie  Chirurgicale, 
by  J.  B.  Rottenstein,  Paris  1S80,  p.  303, 
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him  by  Dr.  Fontaine  a  metal  chamber  in  which  the  atmospheric 
pressure  could  be  raised  to  the  desired  extent.  The  chamber  was 
large  enough  to  contain  several  persons.  A  mixture  of  85  per 
cent,  of  nitrous  oxide  and  15  per  cent,  of  oxygen  was  administered 
to  a  patient,  and  an  extra  pressure  of  13.5  cm.  (i.e.  a  total  pressure 
of  89.5  cm.)  was  employed.  The  first  operation  during  nitrous 
oxide  and  oxygen  anaesthesia  under  pressure  was  performed  by 
M.  Leon  Labbe  on  February  15,  1 S79.  An  in-growing  toe-nail  was 
painlessly  removed  during  tranquil  anaesthesia  free  from  all  traces 
of  asphyxia.  On  March  20,  1879,  M.  Pean  amputated  a  leg  with 
equal  success.  Numerous  other  operations  were  performed.  In 
the  large  majority  of  cases  ansesthesia  was  of  the  most  perfect 
type.  There  was  no  alteration  of  colour,  the  breathing  was 
tranquil,  and  the  pulse  good  and  regular.  In  a  few  cases,  how- 
ever, excitement  and  nausea  were  noted. 

The  accompanying  drawing  shows  a  chamber  which  M.  Claude  Martin 
of  Lyons  has  used  successfully.1  The  following  are  its  chief  parts  : — 
A.  Aii-light  metal  chamber  witl  windows.  B.  Sliding  doors. 
C.  Arrangement  for  introducing  anything  into  chamber  without  lower- 
ing internal  pressure.     D.  Canvas  bag  for  holding  the  mixed  gases. 

E.  Tap  through  which  the  mixture  passes  to  inhaling  apparatus. 

F.  Receiver  containing  mixed  gases  under  greater  pressure  than  that 
inside  chamber.  GG.  Taps  through  which  the  mixed  gases  pass  to  the 
bag  inside  the  chamber.  H.  Intermediate  receiver  for  compressed  air 
charged  prior  to  the  administration  through  the  tap  K.  By  using  this 
intermediate  receiver  the  compressed  air  which  has  been  warmed  by  the 
action  of  the  pumps  is  allowed  to  cool,  and  can  be  transmitted  to  the 
chamber  wdien  required  through  the  taps  II.  J.  Tap  for  lowering 
pressure  in  chamber,  should  occasion  require.  M.  Martin  found  that 
he  obtained  best  results  when  working  with  percentages  and  pressures 
somewhat  different  to  those  advocated  by  Paul  Bert.  He  uses  88  per 
cent,  of  nitrous  oxide  with  12  per  cent,  of  oxygen,  and  maintains  an 
atmospheric  pressure  within  the  chamber  of  1 10  cm.  With  the  per- 
centages and  pressure  recommended  by  Paul  Bert  he  met  with  consider- 
able excitement,  which  led  him  to  modify  the  details  of  the  method. 

It  is  unnecessary  to  further  describe  Paul  Bert's  method.  The 
apparatus  necessary  is,  as  will  be  gathered  from  the  drawing,  too 
complicated,  too  costly,  and  too  cumbrous  to  allow  of  its  being 
widely  used.  I  am  informed,  too,  on  good  authority,  that  the 
increased  pressure  within  the  chamber  not  infrequently  produces 
considerable  discomfort  to  those  engaged  in  the  operation.  It  is,  in 
fact,  questionable  whether  the  advantages  of  this  method  of  produc- 
ing anaesthesia  are  of  sufficient  weight  to  overcome  these  objections. 

1  M.  Martin  has  very  kindly  given  me  permission  to  reproduce  this  drawing. 
The  reader  will  find  much  interesting  information  in  M.  Martin's  pamphlet, 
'  De  l'Anesthesie  par  le  Protoxyde  d'Azote  avec  011  sans  tension,'  1S83. 
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II.  Nitrous  Oxide  and  Oxygen  administered  at  Ordinary 
Atmosph eric  Pressures. 

The  results  which  were  obtained  by  using  Paul  Bert's  chamber 
were  so  satisfactory  that  attempts  were  soon  made  by  many 
observers  to  secure  a  similar  form  of  anaesthesia  without  employ- 
ing an  increased  atmospheric  pressure.  As  already  mentioned 
Bert  had  been  more  or  less  unsuccessful  in  this  direction.  He 
regarded  an  increased  atmospheric  pressure  as  essential  to  tran- 
quil anaesthesia.  But  experience  has  tended  to  shake  our  belief 
in  the  correctness  of  Bert's  doctrines,  seeing  that  a  large  number 
of  successful  administrations  of  nitrous  oxide  and  oxygen  at 
ordinary  atmospheric  pressures  have  now  been  recorded,  and  that 
in  these  administrations  the  symptoms  displayed  by  the  patients 
have  been,  in  their  main  features,  identical  with  those  met  with 
when  using  the  air-tight  chamber.  It  is  true  that,  up  to  the 
present  time,  the  prolonged  maintenance  of  nitrous  oxide  anaes- 
thesia in  the  presence  of  oxygen  has  been  found  to  be  impracticable 
except  when  employing  an  increased  pressure.  And  it  may  also 
be  true  that  excitable  manifestations  are  less  frequent  and  more 
under  control  when  this  increased  pressure  is  brought  into  play. 
But  the  interesting  fact  remains  that  when  nitrous  oxide  is 
administered  with  oxygen  at  normal  pressure,  by  means  of  an 
apparatus  which  prevents  the  slightest  admixture  of  atmospheric 
air,  a  very  remarkable  and  satisfactory  anaesthesia  results  in  the 
vast  majority  of  cases,  and  that  such  anaesthesia  is  eminently 
adapted  for  many  brief  operations,  and  for  many  types  of 
patients. 

Klikowitsch  1  is  said  to  have  been  the  first  to  successfully  pro- 
duce anaesthesia  from  nitrous  oxide  and  oxygen  in  the  absence  of 
increased  pressure.  Zweifel  subsequently  met  with  similar  success. 
But  of  all  those  who  have  worked  in  this  direction  Hillischer  of 
Vienna  has  apparently  had  the  largest  experience.  He  has  given 
the  name  of  'Schlafgas'  to  the  mixture  because  of  the  sleep-like 
condition  it  produces.  He  has  recorded  2901  administrations, 
the  amount  of  oxygen  employed  varying  from  10  to  15  per 
cent.  The  youngest  patient  was  3 J,  the  oldest  82  years.  Of 
the  2901  administrations  eight  were  failures;  but  six  of  these 
failures  were  in  the  first  900  cases.  Only  two  failures  occurred 
in  the  subsequent  2000.  In  eleven  cases  minor  operations  (for 
epulis,  removal  of  fragments  of  bone,  &c.)  were  performed.  In~ 

1  See  an  interesting  pamphlet  by  Dr.  Hillischer  of  "Vienna,  entitled 
"Schlufga-.' 
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some  excitable  cases  as  much  as  85  litres  (about  19  gals.)  were 
necessary  to  secure  anaesthesia.  The  smallest  quantity  required 
was  9  litres  (2  gals.).  The  duration  of  available  anaesthesia 
varied  widely ;  in  the  majority  of  cases  it  was  40  to  70  seconds  ; 
the  shortest  time  recorded  was  15  seconds;  and  the  longest  180 
seconds.  Twenty-three  patients  had  morbus  cordis.  Several 
suffered  from  nervous  affections.  The  mixture  was  adminis- 
tered to  women  immediately  before  and  after  confinement.  No 
dangerous  symptoms  were  noticed  in  any  case.  Ten  per  cent,  of 
oxygen  was  usually  employed  to  commence  with,  and  the  percent- 
age then  varied  according  to  indications. 

Dr.  J !  ill  ischci's  apparatus  consists  of  a  kind  of  cabinet  which  contains 
iron  cylinders  of  nitrous  oxide  and  of  oxygen.  Two  large"  bags  oi 
Chinese  silk  are  kept  supplied  from  the  cylinders  by  an  assistant.  Two 
short  exit  tubes  pass  from  the  bags  to  join  a  specially  made  inhaling 
tube.  This  latter  is  in  reality  a  double  tube,  nitrous  oxide  passing 
along  one  half,  and  oxyg&lvalong  the  other.  In  cross  section  the  double 
tube  shows  two  semi-circular  tubes,  one  for  each  gas.  The  exit  tubes 
from  the  bags  join  the  double  inhaling  tube  at  the  wall  of  the  cabinet  ; 
so  that  the  double  inhaling  tube  (looking  like  one  tube)  passes  from 
the  cabinet  to  the  patient.  At  the  free  end  of  the  inhaling  tube  there 
is  a  stop-cock  containing  valves,  through  which  the  mixed  gases  are 
breathed.  The  proportion  of  oxygen  and  of  nitrous  oxide  respired  is 
regulated  by  a  revolving  semi-circular  plate  guarding  the  orifices  of  the 
tubes,  that  is,  it  is  interposed  between  these  orifices  and  the  stop-cock. 
The  revolving  plate  is  furnished  with  an  indicator  and  dial  to  show  the 
extent  to  which  each  semi-circular  orifice  is  opened.  When  the  nitrous 
oxide  orifice  is  fully  open  the  oxygen  one  is  quite  closed — 100  per  cent, 
of  nitrous  oxide.  When  the  nitrous  oxide  orifice  is  half  open  the  other 
is  half  open— 50  per  cent,  of  each  gas.  When  the  nitrous  oxide  tube  is 
three-quarters  open  the  oxygen  tube  is  only  a  quarter  open — 25  per  cent, 
of  oxygen.  A  mouth-piece,  to  fit  between  the  teeth,  is  used  instead  of 
the  face-piece  generally  employed  in  this  country. 

That  nitrous  oxide  and  oxygen  can  be  breathed  for  a  long 
period  without  materially  interfering  with  respiration  or  circula- 
tion is  shown  by  a  remarkable  experiment  of  M.  Claude  Martin 
of  Lyons,  who  administered  to  a  dog  a  mixture  of  nitrous  oxide 
with  15  per  cent,  of  oxygen  for  three  consecutive  clays  (72  hours).1 

M.  Martin  employed  a  chamber  of  the  capacity  of  250  litres,  and 
capable  of  withstanding  an  internal  pressure  of  1.5  atmospheres.  Dog 
put  in  at  5  p.m.    85  parts  of  nitrous  oxide  and  1 5  of  oxygen  introduced. 


1  See  a  pamphlet  entitled  'Sur  l'anestht'sie  piolonge"e  et  continue  par  le 
melange  de  protoxyde  d'azote  et  d'oxygene  sous  pression  (methode  Paul 
Bert),'  by  Claude  Martin. 


NITltOUS  OXIDE  AhMIXIKTKKKH  WITH   OXYCEX.       12  1 


Pressure  progressively  raised  to  no,  115,  and  120  cm.  At  6  P.M.  dog 
well  anaesthetised.  25  litres  of  the  mixture  supplied  every  hour. 
Potash  solution  used  to  absorb  CO,..  After  12  hrs.  respiration  calm 
and  remained  so  until  end  of  experiment.  After  72  hrs.  dog  removed. 
In  15  min.  feet  commenced  to  move  and  eyes  opened.  35  miu.  later 
made  efforts  to  stand,  and  trembled  as  if  cold.  After  35  min.  he  moved 
paws  when  pricked,  and  was  able  to  walk  and  obey  commands.  He 
refused  milk.  Intelligence  apparently  uiiinipaired.  At  7  a.m.  next 
morning  (14  hrs.  after  experiment)  he  was  in  good  spirits,  and  ate  well. 
The  total  amount  of  gas  consumed  was  25ooditres. 

In  1886  I  commenced  a  series  of  experimental  administrations, 
wishing  to  put  to  the  test  the  practicability  of  inducing  and  main- 
taining anaesthesia  by  nitrous  oxide  in  the  presence  of  oxygen  at 
ordinary  atmospheric  pressures.  I  have  elsewhere  recorded  the 
results  obtained  up  to  the  month  of  April  1889. 1  Since  that 
year  I  have  continued  to  use  mixtures  of  these  gases,  and  at  the 
present  time  I  have  records  of  2000  administrations.  In  the 
very  large  proportion  of  cases  it  is  possible  to  obtain  a  form  of 
anaesthesia  which,  so  far  as  my  experience  goes,  is  unequalled  for 
brief  operations.  In  order  to  achieve  success,  however,  a  great 
many  details  have  to  be  carefully  observed,  and  the  symptoms  of 
the  patient  narrowly  watched,  in  order  that  the  right  proportion 
of  oxygen  in  the  particular  case  may  be  introduced  with  the 
anaesthetic  gas. 

Having  referred  to  the  views  which  have  been  advanced  and 
the  methods  which  have  been  adopted  by  others,  I  propose  to 
conclude  this  section  of  the  present  chapter  by  giving  the  result 
of  my  own  investigations  on  the  subject. 


A.  APPARATUS  AND  METHODS  OF  ADMINISTRATION. 

I  should  weary  the  reader  were  I  to  describe  in  detail  the 
various  forms  of  apparatus  which  I  have  tried  for  the  adminis- 
tration of  these  gases.2  I  propose,  therefore,  to  refer  only  to 
that  which  I  now  use,  and  which  I  find  to  answer  very  satisfac- 
torily. In  the  earlier  attempts  at  obtaining  a  workable  apparatus 
it  became  obvious  that  no  definite  percentage  of  oxygen  would 
answer  for  every  case — some  patients  requiring  comparatively 
small,  others  comparatively  large  proportions  of  oxygen.  Hilli- 
scher's  apparatus  is  portable  enough,  but  it  has  one  great  drawback, 

1  Lancet,  April  27,  1889,  p.  832. 

2  In  a  paper  which  I  read  at  the  Odontological  Society  {Trans.  Odont.  Soc. 
Qt.  Brit.,  June  1892)  I  described  in  detail  the  various  forms  of  apparatus 
which  I  had  tried. 
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viz.,  that  the  oxygen  cannot  be  regulated  with  that  nicety  which 
isj necessary  in  actual  practice;  in  other  words,  a  very  small 
movement  of  its  oxygen  indicator  means  a  considerable  incre- 
ment or  decrement  in  the  gas.  This  difficulty  I  have  overcome 
in  the  apparatus  here  figured ;  for,  as  will  be  seen,  the  oxygen, 
on  its  way  from  the  bag  to  the  face-piece,  is  made  to  pass  through 


Fjo.  23. — Stop-cock  and  Regulating  Arrangement  for  the  Administration  of  Oxygen 

with  Nitrous  Oxide. 

minute  circular  holes,  any  number  of  which  may  be  opened  at  a 
time. 

Two  india-rubber  bags  are  employed  :  one  for  nitrmiR  oxide,  the  other 
for  oxygen  (Fig.  23,  ON*  and  O).  These,  which  are  fed  from  cylinders 
worked  by  the  foot,  are  attached  to  two  metal  tubes  T'  and  T.  Where 
the  tubes  join  there  is  an  arrangement  by  which  oxygen  may  be  added 
to  the  current  of  nitrous  oxide  10  the  desired  extent.    Above  this 
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regulating  arrangement  with  its  dial  (D),  indicating  handle  (H),  and 
indicator  (r),  there  is  a  two-way  stop-cock,  which  allows,  by  the  move- 
ment of  its  handle  (H'),  either  of  air  or  of  the  mixed  gases  being  breathed. 
In  order  to  permit  the  free  escape  of  each  expiration,  two  llap-valves, 
one  an  expiratory  (EV),  and  one  an  inspiratory  (IV),  are  provided. 
The  tubes  (T  and  T)  also  possess  flap-valves  (v  and  v')  to  prevent  the 
contents  of  one  bag  passing  over  to  the  other.  The  oxygen  tube  T  is 
considerably  expanded  above,  so  that  the  nitrous  oxide  tube  may  pass 
up  through  its  middle.  Oxygen  thus  travels  along  the  circular  channel 
left  between  the  tubes,  whilst  nitrous  oxide  passes  along  the  inner  tube. 


Fig.  24. — Dial-plate  and  Regulating  Arrangement  of  Nitrous  Oxide  and  Oxygen 

Apparatus,  showing  four  holes  open  for  the  passage'of  oxygen.  -aiJSI 

Fig.  24  shows  the  central  nitrous  oxide  tube  (T')  and  the  expanded 
oxygen  tube  T.  The  space  left  between  the  nitrous  oxide  tube  and  the 
expanded  oxygen  tube  is  closed  in  by  two  circular  plates,  the  upper  of 
which  (P)  revolves  by  means  of  the  handle  (H)  upon  the  lower,  which  is 
fixed.  Tne  upper  plate  has  thirteen  holes  in  it.  Tne  lower  has  a  long 
slot  (S)  shown  in  dotted  lines.  When  the  handle  (H)  is  turned,  so  that 
P  revolves,  one  or  more  holes  can  bs  brought  over  the  slot  in  the  lower 
plate,  and  be  thus  rendered  available  for  the  passage  of  oxygen.  In 
Fig.  24  the  indicator  points  to  '4'  on  the  dial:  i.e.,  four  holes  are 
opened  for  oxygen  and  nine  are  closed.  By  this  plan  a  very  small  incre- 
ment or  decrement  in  oxygen  is  represented  by  a  very  considerable  excursion 
of  the  indicator  along  the  dial  plate.    Notwithstanding  that  I  have  made 
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a  large  number  of  experiments  with  the  object  of  ascertaining  what 

percentages  of  oxygen  pass 
through  these  holes,  I  find  it 
impossible  to  give  any  reliable 
averages,  owing  to  the  varia- 
tions in  pressure  which  must 
to  some  extent  occur  in  the 
bags  during  the  administra- 
tion. All  that  I  can  say  is  that 
when  both  bags  are  kept  par- 
tially distended,  and  one  hole 
is  open,  a  very  small  percent- 
age (something  between  3^  and 
6h  per  cent.)  of  oxygen"  will 
come  through,  and  that  each 
additional  hole  turned  on  re- 
presents something  like  an 
additional  1  per  cent,  or  iA 
per  cent,  of  oxygen.  In  actual 
practice  all  we  require  is  an 
apparatus  which  will  allow  of 
very  small  increments  and  de- 
crements of  oxygen.  Should 
one  bag  ever  be  allowed  to 
become  fully  distended  the 
regulating  apparatus  will,  of 
course,  fail  to  work  as  such. 
If  one  bag  be  allowed  to  be- 
come more  distended  than  the 
other  the  percentage  of  its 
gas  will  be  higher  than  when 
the  bags  are  of  equal  size. 
The  apparatus  here  described 
allows  (1)  air,  (2)  nitrous  oxide, 
or  (3)  nitrous  oxide  mixed  with 
a  proportion  of  oxygen,  to  be 
freely  respired  through  valves 


Fig. 


as- 


-Nitrous  Oxide  and  Oxygen  Apparatus 
ready  for  use. 


at  the  will  of  the  administrator, 
ance  represented  in  Fig.  25. 


When  ready  for  use  it  has  the  appear- 


Before  commencing  the  administration  the  anaesthetist  should 
make  sure  that  he  has  a  sufficient  supply  of  the  two  gases  in  the 
cylinders.  In  the  next  place,  it  is  important  not  to  charge  the 
bags  till  immediately  before  the  inhalation.  The  face- piece  should 
be  one  which  is  capable  of  being  applied  to  the  face  with  the 
utmost  accuracy,  as  a  want  of  co-aptation  which  in  the  case  of 
nitrous  oxide  alone  would  not  be  detrimental,  would,  in  the  case 
of  the  mixture,  be  likely  to  lead  to  partial  or  complete  failure. 
The  valves  of  the  apparatus  should  work  efficiently  and  freely. 
After  passing  a  small  quantity  of  the  gases  through  the  bags, 
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in  order  to  free  them  from  all  traces  of  air,  the  anesthetist 
should  turn  off  the  two-way  stop-cock,  and  place  the  oxygen 
indicator  at  'o.'  Both  bags  should  now  be  filled  to  about  one- 
half  with  their  respective  gases,  and  the  face-piece  applied.  Air 
will  now  be  breathed  freely  through  the  apparatus,  and  the  sound 
of  the  acting  valves  will  prove  that  the  face-piece  fits  well.  The 
patient  should  be  instructed  to  breathe  freely  and  moderately 
deeply,  'in  and  out  through  the  mouth.'  This  is  important, 
for  as  he  commences  to  breathe,  so  he  will  probably  continue 
when  the  mixture  is  admitted.  When  the  administrator  sees 
and  hears  that  breathing  is  free,  and  not  till  then,  he  should  fix 
the  oxygen  indicator  at  '  2,'  and  turn  on  the  mixture  at  the  two- 
way  stop-cock.  Nitrous  oxide  with  a  small  percentage  of  oxygen 
will  now  be  breathed.  It  is  best  to  commence  with  a  compara- 
tively small  percentage  of  oxygen,  as  we  have  to  allow  for  that 
originally  present  in  the  lungs  and  blood.  If  we  begin  with,  say 
10  per  cent.,  excitement  will  be  more  liable  to  arise  than  under 
other  circumstances.  The  objection  to  giving  pure  nitrous  oxide 
itself  at  the  beginning,  is  that  it  is  sometimes  difficult  to  quickly 
neutralise  the  effects  thus  produced  without  going  to  the  other 
extreme  and  administering  too  much  oxygen.  After  two  or 
three  seconds  the  oxygen  indicator  may  be  turned  to  '3,'  and 
in  a  few  seconds  more  to  '4.'  In  children,  anaemic  subjects, 
and  debilitated  persons,  the  indicator  may  be  moved  to  '  3  '  and 
'  4 '  more  quickly  than  in  strongly-built  or  alcoholic  individuals. 
During  these  manipulations  the  two  bags  must  be  kept  as  nearly 
as  possible  equal  in  size.  It  is  rarely,  if  ever,  necessary  to 
replenish  the  oxygen  bag  during  the  administration,  but  the  foot 
must  be  constantly  kept  on  the  nitrous  oxide  key.  Considerable 
practice  is  necessary  to  keep  both  bags  equal  in  size  throughout. 
Should  phonation,  laughter,  excited  movement,  or  struggling 
assert  itself,  the  administrator  should  withhold  more  oxygen  for 
the  present,  or  even  give  less  of  this  gas,  by  turning  back  the 
indicator  for  a  few  breaths.  In  forty  or  fifty  seconds  from  the 
commencement  of  the  inhalation  the  indicator  may  usually  be 
got  as  far  as  '5,'  and  in  twenty  seconds  or  so  more  may  be 
allowed  to  point  to  '  6,'  '  7,'  or  even  '  8.'  Generally  speaking, 
it  is  not  advisable  to  give  more  oxygen  than  this.  The  adminis- 
trator must  judge  from  the  symptoms  of  the  patient  the  extent 
to  which  oxygen  should  be  given.  It  is  impossible  to  formulate 
any  definite  rules.  Considerable  practice  is  necessary,  not  only 
to  get  the  face-piece  to  fit  with  extreme  accuracy,  and  to  keep 
the  bags  half  distended,  but  to  know  when  to  give  more,  and 
when  to  give  less  oxygen.  Whilst  too  much  oxygen  will  be 
likely  to  induce  laughter,  excited  movement,  stamping,  screaming, 
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&c,  and  whilst  it  is  right,  should  such  symptoms  appear,  to  give 
less  oxygen,  the  anaesthetist  must  be  careful  not  to  proceed  too 
far  in  the  opposite  direction.  In  regulating  the  increase  or 
decrease  of  oxygen  we  must  reckon  what  the  future  effects  of  any 
procedure  will  be.  For  example,  if  some  phonation  occurs  we 
should  give  somewhat  less  oxygen  for  a  short  period,  but  not 
necessarily  till  the  phonation  has  ceased.  We  may  usually  turn 
back  to  the  previous  proportion  of  oxygen  before  the  symptoms  of 
excitement  have  actually  subsided,  knowing  that  they  will  subside 
in  obedience  to  the  lessened  proportion  of  oxygen  admitted 
several  seconds  previously.  We  have  to  pilot  our  patient  along 
a  narrow  channel.  On  the  one  side  we  wish  to  avoid  the  clonic 
respiratory  movements,  &c.,  which  prevent  a  free  and  lengthy 
intake  of  the  anaesthetic ;  and  on  the  other  any  inconvenient 
signs  of  incomplete  anaesthesia.  We  must  be  sparing  in  our 
addition  of  oxygen  in  the  case  of  those  patients  whose  appearance 
suggests  that  they  will  be  likely  to  require  what  we  may  call, 
for  want  of  a  better  term,  a  strong  dose  of  the  anaesthetic. 
Patients  who  are  easily  affected  by  anaesthetics — such  for  example 
as  children  and  debilitated  persons  of  both  sexes — may  invariably 
be  anaesthetised  by  nitrous  oxide  with  a  considerable  percentage 
of  oxygen;  and  as  such  patients  are  prone  to  'jactitation'  and 
a  short  anaesthesia,  the  mixture  has  great  advantages  over  the 
ordinary  gas. 

B.  EFFECTS  PRODUCED  BY  THE  ADMINISTRATION. 

First  Degree  OP  Stage. — This  is  so  similar  to  that  already 
described  as  occurring  under  nitrous  oxide  per  se  that  no  further 
remarks  are  necessary.  Some  patients  to  whom  I  have  givgn 
the  mixed  gases  state  that  they  have  experienced  less  discomfort 
than  with  nitrous  oxide  alone ;  but  this  difference  is,  I  think, 
very  doubtful.1 

Second  Degree  or  Stage. — Consciousness  is  lost  a  trifle 
later  than  with  nitrous  oxide  alone.  When  normal  consciousness 
has  been  destroyed  the  period  which  elapses  before  true  surgical 
anaesthesia  occurs  may,  in  certain  types  of  subjects,  be  charac- 
terised by  symptoms  of  excitement,  which  although  they  may 
and  do  sometimes  appear  with  nitrous  oxide  alone,  are  certainly 
less  common  with  the  last-named  agent  when  unmixed  with 
oxygen.  Alcoholic  subjects,  and  those  whose  nervous  systems 
have  become  undermined  by  excessive  work,  worry,  &c,  may 

1  I  myself  have  inhaled  nitrous  oxide  with  oxygen  on  more  than  one  occa- 
sion, and  the  initial  sensations  are  very  similar  to  those  of  nitrous  oxide  alone. 
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move  their  arms  or  legs,  laugh,  or  gesticulate  during  this  stage. 
Such  symptoms  are,  however,  quite  exceptional,  and  always  point 
to  too  much  oxygen  or  to  the  admission  of  air.  Excitement 
occurring  during  the  administration  may  usually  be  at  once 
stopped  by  increasing  the  percentage  of  nitrous  oxide.  In  order 
to  secure  a  tranquil  anaesthesia  the  patient  should  invariably  be 
kept  as  quiet  as  possible.  During  the  first  minute  or  so  of  the 
inhalation  slight  stimuli  may  evoke  rhythmical  movements  of  the 
legs  or  arms,  shouting,  &c. — symptoms  which  would  have  been 
avoided  had  the  patient  not  been  disturbed.  The  chance  of  ex- 
citement arising  is  greatly  lessened  when,  following  the  instruc- 
tions of  the  administrator,  the  patient  breathes  the  mixed  gases 
freely  and  deeply ;  for  by  so  doing  he  not  only  more  rapidly 
passes  over  that  stage  in  which  excitement  is  prone  to  manifest 
itself,  but  all  unpleasant  sensations  incidental  to  holding  the 
breath — sensations  which  may  readily  initiate  distressing  dreams 
— will  be  prevented.  The  respiration  during  this  stage  not 
infrequently  becomes  very  deep  and  rapid,  and  then  abruptly 
calm  or  even  imperceptible.  There  is  no  cause  for  anxiety  in 
this  rapid  respiration ;  it  always  co-exists  with  a  good  regular 
pulse  and  florid  colour,  and  gradually  gives  place  to  tranquil, 
unembarrassed,  and  distantly-snoring  breathing,  as  deep  anaes- 
thesia approaches. 

Third  Degree  Or  Stage. — When  the  typical  anaesthesia  of 
nitrous  oxide  and  oxygen  has  become  established,  the  patient's 
condition  will  be  suggestive  of  natural  sleep. 

The  respiration  is  usually  remarkably  calm  and  perfectly  regu- 
lar during  this  stage.  A  barely  audible  inspiratory  roughness 
or  snoring  is  not  uncommon.  The  loud  '  stertor,'  as  well  as  the 
peculiar  and  characteristic  guttural  sound  of  ordinary  nitrous 
jxide  administration  are  never  met  with,  unless  indeed  the  per- 
centage of  oxygen  should  be  so  small  as  to  be  useless  for  oxygenat- 
ing purposes.  Respiration  is  rhythmically  performed  throughout ; 
and  the  tumultuous  thoracic  and  abdominal  movements,  sometimes 
witnessed  when  nitrous  oxide  is  administered  free  from  all  oxygen, 
are  strikingly  absent.  Owing  to  there  being  less  venous  engorge- 
ment, and  hence  less  swelling  of  all  parts  within  the  upper  air- 
tract,  when  oxygen  is  used  with  nitrous  oxide  than  when  the 
latter  is  given  in  the  ordinary  manner,  patients  with  enlarged 
tonsils  may  be  anaesthetised  without  any  tendency  to  obstructed 
breathing. 

The  colour  of  the  face  and  lips  remains  unaltered,  or  even 
becomes  more  florid.  The  duskiness  and  lividity  so  common 
under  nitrous  oxide  are,  generally  speaking,  entirely  absent. 
As  will  subsequently  be  pointed  out,  it  is  sometimes  necessary 


128  ANESTHETICS  AND  THEIE  ADMINISTRATION. 


during  the  administration  of  the  mixture,  either  to  bring  down 
the  proportion  of  oxygen  below  10  per  cent.,  or  to  give  pure 
nitrous  oxide  for  a  short  period ;  and,  under  such  circumstances, 
a  variable  degree  of  duskiness  would  of  course  ensue.  It  is 
remarkable,  however,  that  when  a  patient's  colour  has  become 
florid  from  the  inhalation  of  nitrous  oxide  and  oxygen,  the  change 
to  pure  nitrous  oxide  takes  a  considerable  time  to  cause  any 
noticeable  lividity,  and  signs  of  anaesthesia  are  wont  to  assert 
themselves  before  any  marked  duskiness  becomes  manifest. 
Anaemic  patients,  and  those  who  are  pale  from  fright,  often  dis- 
play a  rosy  tint  as  the  administration  proceeds. 

The  circulation  is  vigorously  maintained  during  deep  anaes- 
thesia. The  pulse  is  generally  fuller  and  slower  than  that 
observed  when  nitrous  oxide,  free  from  air  or  oxygen,  is  freely 
administered.  I  have  administered  nitrous  oxide  with  oxygen 
to  patients  whose  circulatory  functions  were  at  the  time  of  in- 
halation seriously  disorganised,  and  can  testify  to  the  very  satis- 
factory manner  in  which  the  mixed  gases  have  been  taken.  I 
have  given  the  mixture  to  a  patient  in  a  half-fainting  condition, 
sitting  vertically  in  a  chair,  and  have  found  an  almost  imper- 
ceptible pulse  to  become  perceptible  and  of  fair  volume  during 
the  inhalation. 

Clonic  muscular  movements  are  usually  conspicuous  by  their 
absence ;  and  the  so-called  '  jactitation  '  of  nitrous  oxide  is,  with 
the  rarest  exception,  never  witnessed.  A  minor  degree  of  tonic 
spasm  in  the  muscles  of  the  neck,  back,  and  extremities,  is  often 
manifested,  more  especially  as  the  immediate  reflex  result  of  the 
operation.  Opisthotonus  very  rarely  occurs.  As  a  general  rule, 
the  whole  of  the  muscular  system  becomes  relaxed,  and  if,  when 
anaesthesia  is  established,  the  patient's  arm  be  lifted  by  the 
administrator,  it  will  fall  flaccid  to  the  side.  The  absence  of 
'  jactitation  '  in  children  is  a  great  boon  to  the  operator.  It  is 
highly  probable  that  by  the  use  of  oxygen  with  nitrous  oxide  the 
chance  of  micturition  during  anaesthesia  is  very  greatly  reduced. 
I  have  only  met  with  it  once  in  my  2000  cases. 

The  condition  of  the  eyelids,  globes,  and  pupils  deserves 
special  notice.  The  eyes  usually  remain  closed  throughout  the 
administration.  During  the  first  45  or  60  seconds  any  attempt 
to  raise  the  upper  lid  will  cause  a  reflex  tightening  of  the  orbicu- 
laris. This  spasm,  however,  gradually  passes  away  as  the  in- 
halation proceeds,  and  at  the  end  of  about  75  or  90  seconds  the 
upper  lid  may  usually  be  raised  without  resistance.  The  eye- 
balls will  now  be  found  to  be  fixed,  and  in  many  cases  turned  to 
the  right  or  left.  In  some  instances  there  may  be  observed 
slight  oscillatory  movements  of  the  globes  ;  not  as  rapid  as  those 
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of  ordinary  nystagmus,  but  not  so  slow  as  those  which  would 
indicate  conscious  observation  on  the  part  of  the  patient.  The 
pupils  are  variable.  As  a  general  rule  they  are  of  moderate 
size.  Wide  dilatation,  such  as  that  usually  met  with  under 
nitrous  oxide  free  from  oxygen,  is  distinctly  rare.  I  have  on 
many  occasions  witnessed  contraction  and  dilatation  of  the  pupil 
in  almost  immediate  response  to  a  greater  or  less  percentage  of 
oxygen.  The  pupils  may  of  course  reflexly  dilate  during  the  ex- 
traction of  a  tooth,  even  though  the  patient  is  absolutely  uncon- 
scious and  free  from  all  pain.  The  conjunctival  reflex  is,  in  the 
vast  majority  of  cases,  quite  absent,  though  the  cornea  may  be 
sensitive  to  touch. 

Reflex  phonation,  as  for  example  during  tooth  extraction,  is, 
as  with  nitrous  oxide  itself,  sometimes  met  with  ;  but,  as  the 
anaesthesia  when  oxygen  is  used  is  deeper  than  when  nitrous 
oxide  alone  is  employed,  such  phonation,  other  things  being 
equal,  is  less  likely  to  arise.  Of  153  dental  cases  I  noted  it, 
more  or  less,  in  29. 

Anaesthesia  is  known  to  be  present  by  one  or  all  of  the  follow- 
ing signs : — 

1.  The  conjunctival  reflex  is  lost. 

2.  The  breathing  is  regular  and  tranquil,  or  is  softly  snoring 
in  character  (like  the  breathing  of  good  chloroform  anaesthesia). 

3.  The  arrns  are  flaccid. 

4.  The  eye-balls  are  fixed  or  present  slight  oscillatory  move- 
ments. 

Sometimes  the  conjunctiva  is  sensitive,  in  which  case  the 
breathing  or  muscular  flaccidity  must  be  relied  upon  ;  but,  speak- 
ing generally,  the  administration  should  be  continued  till  the 
conjunctival  reflex  is  lost.  Should  it  be  found  advisable,  as  often 
happens,  to  give  a  smaller  percentage  of  oxygen  than  usual,  or 
should  the  patient  be  extremely  susceptible  to  the  anaesthetic 
gas,  slight  irregular  muscular  twitchings  (mild  '  jactitation  ')  may 
arise,  and  if  the  face-piece  be  then  removed  a  good  anaesthesia 
will  result.  In  some  cases  the  muscular  system,  instead  of  being 
relaxed,  is  rigid  at  the  acme  of  anaesthesia,  but  such  cases  are 
exceptional.  Alcoholic  patients  appear  to  be  particularly  liable 
to  this  rigidity. 

C.  TIME  TAKEN  TO  PRODUCE  DEEP  ANAESTHESIA. 

The  period  of  inhalation  requisite  to  secure  deep  anaesthesia 
varies  considerably  in  different  cases;  some  patients  being,  for 
reasons  already  given,  far  more  quickly  and  deeply  affected  by 
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nitrous  oxide  than  others.  Of  sixty-seven  carefully  (metronome/ 
timed  dental  administrations  with  the  apparatus  above  described, 
I  found  the  average  period  of  inhalation  to  be  110-5  sees.,  a 
figure  which  represents  the  average  period  of  inhalation  found 
necessaiw  to  provide  the  operator  with  a  subsequent  anaesthesia 
of  sufficient  duration  for  the  performance  of  an  average  dental 
operation.  In  dental  ansesthetisation  the  administration  is  usually 
carried  on  for  some  seconds  after  anaesthesia  has  become  estab- 
lished. In  other  minor  surgical  cases  the  operation  might  be 
begun  immediately  signs  of  anaesthesia  occur,  i.e.,  after  about 
60  or  70  seconds'  inhalation.  Should  the  percentage  of  oxygen 
be  accidentally  or  intentionally  smaller  than  that  usually  given, 
stertor  may  be  induced  and  the  period  of  inhalation  be  thus 
curtailed.  I  have  administered  nitrous  oxide  with  oxygen  for 
several  minor  operations,  such  as  the  incision  of  a  whitlow, 
tenotomy,  the  division  of  deep  plantar  fascia,  &c.  I  find  the 
plan  answers  very  well  indeed  in  most  cases,  but  it  is  somewhat 
difficult  in  every  case  to  regulate  the  proportion  of  oxygen  which 
should  be  given.  Too  much  will  interfere  with  anesthesia  ;  too 
little  will  render  continuous  inhalation  impossible.  I  have  kept 
up  a  good  form  of  anaesthesia  for  4  to  5  min.,  admitting  a  breath 
of  air  occasionally,  and  regulating  the  percentage  of  oxygen  by 
the  kind  of  patient  undergoing  the  operation.  So  far,  however, 
as  I  am  able  to  judge  at  present,  the  mixture  answers  best  when 
the  period  of  inhalation  is  of  brief  duration  (1  to  3  min.). 

D.  THE  AVAILABLE  PERIOD  OF  ANAESTHESIA 
AFTER  THE  INHALATION. 

The  available  period  of  anaesthesia  after  the  withdrawal  of  the 
mixture  becomes  a  matter  of  importance  in  those  operations,  such 
as  the  extraction  of  teeth,  which  render  continuous  administration 
impracticable.  In  sixty-nine  carefully  (metronome)  timed  dental 
administrations  the  average  available  period  of  anaesthesia  was 
44  seconds.  It  is  right,  however,  to  point  out  that  great  varia- 
tion occurs  in  the  duration  of  this  period.  The  longest  anaesthesia 
was  90  seconds ;  the  shortest  2 1  seconds.  Within  certain  limits, 
the  longer  the  administration  the  longer  will  be  the  subsequent 
anaesthesia.  This  consideration  doubtless  explains  the  fact  that 
the  resulting  anaesthesia  from  a  single  dose  of  nitrous  oxide 
(the  average  inhalation  period  of  which  is  about  51  seconds)  is 
considerably  shorter  than  that  obtainable  from  nitrous  oxide  in 
the  presence  of  oxygen.  The  following  figures  show  this  very 
clearly  : — 
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An.-usthetic  Employed. 

Average  Period  of  Inhala- 
tion for  Dental 
Operations. 

Average  Period  of  Result- 
ing Aniesthesia. 

Nitrous  oxide  per  se  .  . 

Nitrous   oxide    mixed  \ 
with  a  percentage  of  1 
oxygen  sufficient  to  > 
prevent  all  asphyxial  j 
phenomena  .    .    .  / 

about  51  sees, 
about  no  sees. 

about  30  sees, 
about  44  sees. 

E.  DANGERS  CONNECTED  WITH  THE  ADMINISTRATION. 

There  is  no  form  of  anesthesia  at  present  known  which  is  so 
devoid  of  clanger  as  that  which  results  from  nitrous  oxide  when 
administered  with  a  sufficient  percentage  of  oxygen  to  prevent 
all  asphyxial  complications.  In  2000  cases,  of  which  I  have 
kept  careful  notes,  I  have  never  detected  the  slightest  sign  of 
respiratory  embarrassment  or  cardiac  depression.  Owing  to  the 
fact  that  little  or  no  strain  is  thrown  upon  the  circulation,  it  is 
in  the  highest  degree  probable  that  persons  with  feeble  and  dilated 
hearts  would  be  anaesthetised  by  nitrous  oxide  and  oxygen,  with- 
out that  slight  risk  which  obtains  when  the  former  gas  is 
administered  alone.  Moreover,  those  patients  who  by  reason 
of  senile  or  other  changes  in  the  thoracic  parietes,  pleura,  or 
lungs,  might  evince  symptoms  of  embarrassed  breathing  at  the 
acme  of  ordinary  nitrous  oxide  anaesthesia,  would  certainly  be 
less  likely  to  do  so  in  the  presence  of  oxygen.  Seeing,  how- 
ever, that  nitrous  oxide  when  administered  free  from  oxygen  is 
a  practically  safe  anaesthetic  in  moderately  healthy  subjects,  it 
is  unnecessary  here  to  emphasise  the  advantages  of  this  mixture. 
One  may  perhaps  add,  in  conclusion,  that  there  is  not  quite  the 
same  risk  of  foreign  bodies  entering  the  larynx  and  trachea 
during  dental  operations  under  the  influence  of  nitrous  oxide  and 
oxygen,  as  there  is  when  using  nitrous  oxide  alone  (see  p.  300). 
This  is  owing  to  the  fact  that  the  jerky  movements  and  opistho- 
tonic  condition,  so  often  met  with  when  nitrous  oxide  is  freely 
administered  without  oxygen,  somewhat  increase  the  chances  of 
this  accident. 

F.  AFTER-EFFECTS. 

The  recovery  from  the  effects  of  this  mixture  is  usually  very 
satisfactory,  though  not  quite  as  speedy  as  from  nitrous  oxide 
alone.    We  can  hardly  expect  this,  indeed,  to  be  so,  seeing  that 
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the  inhalation  is  invariably  longer  when  nitrous  oxide  is  given 
with  oxygen.  There  is  an  absence  of  that  abrupt  return  to 
consciousness  which  is  met  with  in  the  case  of  unmixed  nitrous 
oxide.  Patients  are  a  little  more  dazed  and  are  not  able  to  leave 
the  chair  quite  as  quickly  as  in  the  case  of  nitrous  oxide  alone. 
The  difference,  however,  is  slight;  and  when  the  inhalation  has 
been  short  there  is  practically  no  difference  to  be  detected.  It 
is  only  when  an  inhalation  of  two  to  three  minutes,  or  longer,  has 
been  conducted,  that  the  more  tardy  recovery  manifests  itself. 
The  longer  the  inhalation,  the  greater  will  be  the  tendency  to 
these  after-effects.  Nausea,  or  actual  vomiting,  although  very 
rare,  are  more  common  than  after  nitrous  oxide  alone — a  fact 
which  must  not  be  entirely  lost  sight  of.    (See  p.  68.)  J 


G.  ILLUSTRATIVE  CASES. 

In  the  following  table  are  given  four  illustrative  cases.  The 
times  were  taken  by  a  metronome,  and  an  assistant  recorded  the 
symptoms  of  the  patients.  The  table  shows  the  effect  of  more 
and  less  oxygen,  the  intervals  at  which  the  gas  was  admitted, 
and  many  other  points. 
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Illust.  Case,  No.  1. 

Illust.  Case,  No.  2. 

A  typical  case. 

A  typical  case  except  for  slight 
duskiness.    See  remarks. 

Sex  and  age. — M.  18. 

Descript ion.—  Fairly  nourished  ;  good 
colour.    A  postman. 

Sex  and  Age. — F.  33. 
Description. — Spare  ;  sallow. 

A.— 

Period  of  Inhalation. 

A.— 

Period  of  Inhalation. 

Sees. 

Oxygen 
Indicator 
at 

Symptoms. 

Sees. 

Oxygen 
Indicator 
at 

Symptoms. 

o 
18 
33 
39 
S1 
72 
78 
90 

99 
108 

2 

3 
4 

4  • 

S 

S 

6 

6 

6 

6 

Six  breaths  taken. 

Deep  respiration. 

Quieter  breathing. 

No  conjunctival  reflex. 
Pupils  33  mm.  in  diameter. 
Inhalation  stopped. 

0 
12 
24 
39 
5i 
57 
66 

72 
78 
81 
84 
87 

93 
96 
108 
120 
123 

126 

2 
3 
4 
S 
6 
6 
6 

7 
7 
S 
3 

2 

3 
5 
S 
5 
S 

5 

Twitching  of  eyelids. 
Conjunctival  reflex  not 
abolished. 

Restless  movement  in  chair. 

Movement  ceased. 

Slight  conjunctival  reflex. 
No  conjunctival  reflex. 
Breathing  quicker  and 

more  audible. 
Inhalation  stopped. 

B. 

— Available  Ancesthesia  after  Re- 
moval of  Face-piece. 

B. 

— Available  Ancesthesia  after  Re- 
moval of  Face-piece. 

Sees. 

Symptoms. 

Sees. 

Symptoms. 

3 
9 
21 

3° 
42 

Good  colour. 

No  movement  or  phonation. 
Opposite  side  of  mouth  being 

operated  upon. 
Operation  over. 
Anaesthesia  at  an  end. 

3 
9 
12 

24 
3° 

Distinctly  dusky. 
Very  slight  phonation. 
Normal  colour  returned. 
Some  movement  of  legs. 
Ancesthesia  at  an  end. 

Teeth  or  stumps  extracted. — 4. 

General  resv.lt. — Typical. 

Remarks. — No  pain.  No  phonation 
or  movement ;  no  stertor  or  mus- 
cular twitching ;  good  recovery ; 
dreamt  he  was  at  his  work. 

Teeth  or  stumps  extracted. — 4. 

General  result. — Good  but  not  typical. 

Remarks. — Restless  movements  prob- 
ably due  to  too  much  oxygen  at  72 
sees.  Movements  quite  controlled 
by  less  oxygen  (more  N20) ;  but 
some  duskiness  at  end  due  to  this 
diminished  quantity.  Otherwise 
typical.  No  'stertor'  or  'jactita- 
tion.' 

134 


ANAESTHETICS  AND  THEIR  ADMINISTRATION. 


Illust.  Case,  No.  3. 

Illust.  Case,  No.  4. 

Long  inhalation  and  long  anaesthesia 
after. 

Too  much  oxygen  given  intentionally  for 
purposes  of  demonstration.  Excite- 
ment thus  produced  easily  controlled. 

Sex  and  Aye. — F.  33. 

Description. — Fairly  well-nourished  ; 
fair  complexiou. 

Sex  and  Age.  — F.  37. 

Description.  — Healthy  appearance. 
(Pulse  120  before  prop  inserted.) 

A.- 

Period  of  Inhalat  ion. 

A.- 

Period  of  Inhalation. 

Sees. 

Oxygen 
Indicator 
at 

Symptoms. 

CO 
0 
O 

to 

Oxygen 
Indicator 
at 

Symptoms. 

0 
18 
3° 

3° 

54 

60 
72 

84 

96 

108 
132 

150 
171 

177 
180 

186 

O 

3 
4 
5 
6 
6 
6 
6 
7 
7 

7 

8 
8 
8 
8 

8 

Quicker  breathing. 

Quieter  breathing. 
Soft  snoring. 
Ditto. 

Distinct  conjunctival  red  ex. 

Snoring  passing  off.  Slight 
rigidity  of  neck. 

Tendency  to  turn  head  to 
left.  Conjunctival  re- 
flex still  present. 

Very  slight  snoring. 

Conjunctival  reflex  slight. 

Some  phonation. 

Breathing  quicker  and  more 
audible. 

Inhalation  stopped. 

0 
6 
18 
21 

33 
36 
42 
51 
54 
66 

69 
72 
78 

81 
B4 
93 
102 

3 
3 
4 
4 
4 
4 
5 
5 
6 

5 

4 
4 
3 

3 
4 
5 
5 

Pulse  132. 

Pulse  144. 
Average  breathing. 
Tranquil  breathing. 

Very  calm  breathing. 

Slight  evidences  of  ap- 
proaching excitement. 

Some  phonation. 

Restlessmovemeut in  chair, 
with  tendency  to  slip  for- 
ward. 

Pulse  120. 

Quite  quiet. 
Inhalation  stopped. 

B. 

— Available  Anaesthesia  after  Re- 
moval of  Face-piece. 

B. 

— Available  Ancesthesia  after  Re- 
moval of  Face-piece. 

op 
0 

QJ 
00 

Symptoms. 

A 

O 
O 

02 

Symptoms. 

9 
18 

27 
48 
66 

Some  phonation. 
Phonation  ceased,  operation  pro- 
ceeding. 
Slight  rigidity,  good  colour. 
Movement  of  hand  towards  head. 
Extraction  finished. 

3 

T5 
21 

36 

Colour  a  trifle  dusky. 
No  phonation. 
Conjunctiva  insensitive. 
Anaesthesia  at  an  end. 

Teeth  or  slumps  extracted.  — 4. 
General  result. — Very  good,  barely 
typical. 

Remarks. — She  slightly  felt  the  last 
stump.    Probably  deduct  6  sees, 
from  66  above  mentioned.  In- 
stance of  long  administration  and 
long  anaesthesia.    A  good  deal  of 
oxygen  given. 

Teeth  or  stumps  extracted. — 1. 
General  result. — Very  good,  barely 
typical. 

Remarks. — Started  with  oxygen  indi- 
cator at  '3'  instead  of  '2,'  and 
turned  it  to  '4'  in  18  seconds. 

ETHER. 
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CHAPTER  II. 

ETHER. 

A.  APPARATUS  AND  METHODS  OF  ADMINISTRATION. 

We  have  now  to  consider  the  chief  methods  for  the  administra- 
tion of  ether  per  se,  i.e.,  independently  of  any  other  anaesthetic. 
As  will  subsequently  be  pointed  out,  ether  may,  with  much  ad- 
vantage, be  preceded  by  nitrous  oxide  (Chap.  III.  p.  175),  or  a 
small  quantity  of  the  A.  C.  E.  mixture  (Chap.  VI.  p.  254).  But 
if  these  ngents  be  not  at  hand,  or  if  simplicity  in  procedure  be 
desired,  ether  must  be  given  throughout. 

Before  proceeding  further  it  is  necessary  that  the  reader  shoidd 
possess  a  very  clear  idea  of  the  differences  between  what  may  be 
termed — ■ 

I.  Open  methods  ;  and  \ 

II.  Close  methods  of  administration. 

In  '  open '  etherisation  a  plentiful  supply  of  air  is  allowed  with 
the  anaesthetic,  or  at  all  events  there  is  no  provision  in  the  in- 
haler for  permitting  to-and-fro  breathing,  or  for  limiting  the 
supply  of  air.  In  '  close '  methods  of  administration  a  bag-inhaler 
is  employed,  so  that  to-and-fro  breathing  is  permitted,  and  the 
supply  of  air  during  the  inhalation  of  ether- vapour  is  intention- 
ally restricted.  The  phenomena  which  attend  and  follow  the 
process  of  etherisation,  as  well  as  the  amount  of  ether  used  to 
secure  tranquil  anaesthesia  will  be  found  to  be,  to  a  considerable 
degree,  dependent  upon  whether  the  ether  is  administered  by 
means  of  an  open  or  a  close  inhaler. 

I.  Open  Methods  of  Administration. 

When  ether  was  first  introduced  it  was  administered  by  means  of  a 
towel  folded  and  pinned  into  the  shape  of  a  cone,  and  at  the  apex  of 
this  cone  a  sponge  was  placed  for  the  reception  of  the  ether.  The 
>]>onge  was  usually  wrung  out  in  warm  water  before  use.  The  anaes- 
thetic was  poured  upon  the  sponge  in  small  quantities  at  a  time,  and 
the  cone  applied,  more  or  less  continuously,  to  the  face  of  the  patient. 
Cone-shaped  inhalers  of  i'elt,  with  an  outer  covering  of  mackintosh 
to  prevent  undue  evaporation,  were  then  devised,  and  are  still  used  by 
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some.  These  cones  are  also  furnished  with  sponges,  and  are  slightly  open 
at  their  apices,  so  that  air  may  gain  admission.  They  have  been  used 
for  a  great  many  years  both  in  England  and  in  America,  and  certainly 
have  the  merit  of  simplicity.  One  of  the  hest  of  the  open  ether  inhalers 
is  shown  in  Fig.  26.  It  is  known  as  Ren  die's  mask.  The  inhaler  is  made 
of  leather,  and  has  numerous  holes  at  one  end.  A  long  large-mouthed 
bag  of  domett  or  flannel  is  used  as  a  lining,  its  mouth  being  brought  back 
over  the  mouth  of  the  leather  inhaler,  so  that  when  the  latter  is  applied 
to  the  patient's  face  a  soft  surface  of  domett  or  ilannel  comes  against 
the  cheeks.  A  sponge  is  placed  at  the  bottom  of  the  inhaler,  and  ether 
is  poured  upon  it  as  in  the  cone-inhalers.  In  America  the  apparatus 
shown  in  Fig.  27,  and  known  as  Allis's  ether  inhaler,1  is  largely  used. 


Fiq.  26.— Reudlo's  Musk.  Fin.  27.— Allis's  Ether  Inhaler. 


It  consists  of  a  cylindrical  metal  frame  (M)  with  long  spaces  punched 
out  of  its  circumference,  so  that  a  bandage  may  be  threaded  backwards 
and  forwards  across  the  open  cylinder,  as  shown  in  the  figure.  The 
metal  frame  is  enclosed  by  a  leather  case  (L)  which  is  longer  than  the 
metal  frame,  so  that  the  part  of  the  leather  case  which  is  unoccupied 
by  the  frame  may  fit  the  face  of  the  patient.  Ether  is  dropped  or 
poured  upon  the  bandage  as  required.  By  this  arrangement  the  breath 
passes  over  a  large  surface  of  bandage  moistened  with  ether.  Allis's 
inhaler  has  not  been  used,  at  all  events  to  any  great  extent,  in  this 
country.  Numerous  other  open  ether  inhalers  have  been  devised,  but 
space  forbids  me  referring  to  them  here. 

The  administration  of  ether  by  means  of  an  open  inhaler  is 

such  a  simple  proceeding  that  details  are  hardly  necessary.  In 
adults  a  drachm  or  two  should  be  first  placed  within  the  inhaler, 
and  the  latter  held  that  distance  from  the  face  which  is  found  to 
be  necessary  in  order  to  avoid  cough  or  holding  of  the  breath 
Too  strong  a  vapour  will  cause  instant  closure  of  the  larynx  and 
a  sense  of  suffocation.    Allis's  inhaler  certainly  has  the  advantage 

1  Philadelphia  Medical  Times,  No.  162.  Fig.  27  is  copied,  by  Dr.  Turn- 
bull's  kind  permission,  from  his  work  on  Anaesthetics. 
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of  allowing  of  a  more  gradual  increase  in  the  strength  of  ether 
than  is  possible  in  cone-inhalers,  which  have  to  be  removed  from 
time  to  time  in  order  to  be  re-charged.  The  administrator  must 
steer  between  too  sparing  and  too  liberal  a  use  of  the  anaesthetic. 
If  he  administers  a  very  small  quantity  at  a  time  the  patient  will 
take  a  long  period  to  become  anaesthetised,  and  should  excite- 
ment occur  it  will  take  longer  to  disappear  than  when  larger 
doses  of  the  anaesthetic  are  used.  Should  the  administrator  com- 
mence with  too  pungent  a  vapour  the  patient  will  experience  the 
most  horrible  sense  of  suffocation,  the  breath  will  be  held  for 
prolonged  periods,  and  violent  struggling  will  probably  arise.  It 
is  therefore  best  to  start  with  a  vapour  diluted  with  air,  accord- 
ing to  the  indications  present,  and  when  the  patient  is  getting 
dazed  and  losing  consciousness  to  gradually  but  progressively 
increase  the  strength  of  vapour.  The  effect  of  the  ether  upon 
the  larynx  must  be  watched,  and  the  quantity  regulated  accord- 
ingly. Respiratory  rhythm  is  always  interfered  with,  more  or 
less,  by  swallowing  movements,  temporary  closure  of  the  larynx, 
&c.  By  degrees,  however,  the  larynx  gets  accustomed  to  the 
vapour ;  it  becomes  less  sensitive,  and  respiration  hence  grows 
more  regular.  When  once  unconsciousness  has  become  estab- 
lished any  tendency  to  excitement  or  struggling  must  be  met  by 
a  more  continuous  application  of  the  anaesthetic.  There  is  not 
that  danger  in  pushing  ether  at  this  stage  that  we  know  to 
exist  with  chloroform.  Should  the  sponge  of  an  open  inhaler 
become  frozen  by  the  evaporation  of  the  ether,  it  must  be  removed 
and  immersed  in  warm  water  before  being  again  used,  otherwise 
it  may  be  impossible  to  obtain  a  sufficient  quantity  of  ether  from 
the  inhaler.  When  administering  ether  by  the  open  method 
large  quantities  of  the  anaesthetic  are  needed  to  secure  and  main- 
tain anaesthesia,  especially  in  alcoholic  and  vigorous  subjects.  It 
would,  for  example,  be  necessary  to  have  at  hand  at  least  a  pint 
of  ether  in  order  to  successfully  anaesthetise  an  alcoholic  and  stal- 
wart patient  for  an  operation  of  considerable  duration.  A  very 
large  proportion  of  the  anaesthetic  is,  of  course,  wasted ;  and  the 
room  may  become  almost  unbearable  from  the  presence  of  so 
much  ether  vapour.  Excitement,  struggling,  &c,  are  far  more 
common  than  when  a  close  inhaler  is  employed.  The  risk  of 
catarrhal,  bronchial,  and  pulmonary  affections  is  probably  greater 
in  administering  ether  by  the  open  than  by  the  close  method. 

But  although  open  etherisation  has  many  objections  as  a 
routine  procedure,  it  has  advantages  in  certain  cases.  There 
is  nothing  simpler  than  to  pour  ether  from  time  to  time  into  a 
cone;  and  when  a  totally  inexperienced  practitioner  is  called 
upon  to  anaesthetise  a  patient  with  ether,  he  will  be  less  likely  to 
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do  harm  by  administering  ether  as  above  described  than  if  he 
employs  a  close  inhaler.  In  very  exhausted  and  cachectic  patients, 
in  those  suffering  from  advanced  morbus  cordis  and  orthopnoea, 
and  in  many  cases  in  which  an  operation  for  empyema  is  required, 
open  etherisation  will  be  found  to  be  of  advantage.  Moreover, 
when  anaesthetising  infants  with  ether  this  plan  should  be  adopted. 
(See  Illust.  Cases,  Nos.  8,  9,  and  10,  p.  174.) 

II.  Close  Methods  of  Administration,  i.e.,  with  Bag-Inhalers. 

It  is  doubtful  who  first  recognised  the  advantages  of  limiting 
the  access  of  fresh  air  during  the  inhalation  of  ether  vapour. 
The  late  Professor  J.  Morgan  of  Dublin  appears  to  have  been 
the  first  writer  in  this  country  who  drew  attention  to  these 
advantages,1  but  he  refers  to  Professor  Porta  of  Pavia 2  and  to 
Dr.  Smith  of  New  York,  both  of  whom  had,  prior  to  his  (Dr. 
Moi'gan's)  lectures,  administered  ether  from  a  bladder  or  bag. 
Dr.  Morgan's  ether  inhaler  (described  by  him  in  1872)  consisted 
of  a  box  or  reservoir  for  the  ether,  and  a  flexible  tube  and  mouth- 
piece through  which  the  patient  breathed  the  vapour.  The  box 
was  furnished  with  an  india-rubber  diaphragm  capable  of  expand- 
ing and  contracting  as  the  patient  breathed.3  In  July  1876, 
Clover  described4  'An  apparatus  for  administering  nitrous  oxide 
gas  and  ether  singly  or  combined ; '  and  at  the  time  he  wrote  he 
had  used  this  apparatus  successfully  in  2300  cases.  The  ether 
vapour,  supplied  from  a  reservoir,  was  breathed  backwards  and 
forwards  from  a  bag  attached  to  the  face-piece,  fresh  air  being 
admitted  from  time  to  time.  In  January  1877,  Clover  described  r° 
his  'Portable  Regulating  Ether  Inhaler  '(Fig.  28,  p.  139).  In 
February  of  the  same  year  Dr.  Ormsby  of  Dublin  introduced  0 
his  apparatus  (Fig.  34,  p.  148)  to  the  notice  of  the  profession. 
Since  this  time  no  other  ether  inhalers  worthy  of  mention  have 
been  invented.  Whilst  Clover's  ether  inhaler  has  certain  advan- 
tages over  Ormsby's,  the  latter  apparatus  very  favourably  com- 
pares with  the  former  in  many  respects.    I  shall  therefore  fully 

1  See  an  interesting  article  by  Professor  J.  Morgan,  entitled  '  Ether  versus 
Chloroform.  On  the  uses  of  ether  as  an  anaesthetic  in  surgical  operations,  as 
a  safer  and  more  efficient  agent  than  chloroform  in  producing  the  avoidance 
of  pain.  With  a  description  of  an  inhaler,  and  the  mode  of  administration  1 
(Med.  Press  mid.  Circular,  July  31,  1 872). 

-  Asslrarst,  'Principles  and  Practice  of  Surgery,'  p.  77. 

3  Med.  Press  and  Circular,  August  28,  1872,  p.  165. 

4  Brit.  Med.  Journ.,  July  15,  1876,  p.  74.  This  apparatus  will  be  described 
when  discussing  the  administration  of  nitrous  oxide  with  ether  in  Chapter  III. 
of  this  Part. 

5  Brit.  Med  Journ.,  January  20,  1877,  p.  69. 

6  Lancet,  Feb.  10,  1877,  p.  218  ;  also  June  9,  1S77.  p.  86. 
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describe  these  two  inhalers,  the  method  of  using  each,  and  the 
advantages  of  the  one  over  the  other. 


Fio.  28.— Clover's  Portable  Regulating  Ether  Inhaler. 


Clover's  Portable  Regulating-  Ether  Inhaler. 

This  most  ingenious  and  useful  apparatus  is  represented  in  Figs.  28, 
30,  and  31.  When  ready  for  use  it  lias  the  appearance  represented  in 
Fig.  28.  F  is  the  face-piece  ;  E  is  the  ether  reservoir  through  which 
the  air-current  passes  ;  and  B  is  an  india-rubber  bag.  When  the  face- 
piece  fits  the  face  accurately  the  patient  breathes  backwards  and  forwards 
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into  the  bag.  There  are  no  valves,  and  there  is  no  provision  for  the 
ingress  of  fresh  air.    The  face-piece  tightly  plugs  on  to  a  tube  T,  which 

fits  into  one  end  of  a  shaft  passing  through  the 
ether  reservoir.  The  mount  of  the  bag  B  fits 
into  the  other  end  of  this  shaft.  By  revolving 
the  ether  reservoir  on  the  tube  T  the  current  is 
made  to  pass  to  any  desired  extent  over  ether. 
The  apparatus  is  charged  with  ether  at  the 
funnel-shaped  tube  FT,  the  stopper  of  which  is 
removed  for  the  purpose.  A  little  measure  is 
usually  supplied  with  the  inhaler,  and  is  used 
for  filling  it  with  ether.  The  face-piece  and 
bag  hardly  need  further  description  ;  but  the 
ether  reservoir  must  be  carefully  considered,  in 
order  that  the  working  of  the  inhaler  may  be 
understood. 

In  Figs.  30  and  31  the  ether  reservoir  E  and 
the  tube  T  are  shown  in  section.    E  consists 
essentially  of  a  metal  sphere  tunnelled  by 
T  lits.   The  sphere  is  the  reservoir  for  the  ether. 


Fio.  29.-  Measure  for  filling 
Clover's  Ether  Inhaler. 
(Half  size.) 

the  shaft  S,  into  which 


Fig.  30. — Section  of  Clover's  Portable  Regulating  Ether  Inhaler. 

(Two-thirds  actual  size.) 


Indicator  at  '  o. 


The  filling-tube  (FT),  closed  with  a  stopper  (Si),  is  provided  for  charg- 
ing the  sphere  with  ether.    Only  one-half  of  the  sphere  is  apparent,  the 
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other  being  covered  in  by  a  cylindrical  cap  or  cover  (C).  The  space 
which  results  is  nearly  rilled  with  water  by  the  makers  of  the  instru- 
ment. This  water-chamber  prevents  the  apparatus  from  becoming  too 
cold.  When  the  temperature  of  the  room  is  low,  it  is  a  good  plan  to 
immerse  the  inhaler  in  warm  water  for  a  few  moments  before  use,  by 
which  plan  the  water  in  the  water-chamber  takes  up  and  retains  heat 
for  a  sufficient  time  to  ensure  a  proper  evaporation  of  ether  in  the 
adjacent  sphere.  About  half  way  along  the  shaft  there  are  four  large 
openings,  two  (0)  on  the  upper  wall  of  the  shaft  and  two  (0')  on  the 
lower.    These  allow  of  communication  between  the  interior  of  the  shaft 
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F10.  31. — Section  of  Clover's  Portable  Regulating  Ether  Inhaler.    Indicator  at  'F.' 
(Two-thirds  actual  size.) 

on  the  one  hand  and  the  ether  reservoir  on  the  other.  These  openings 
are  so  large  that  the  shaft  S  almost  loses  its  continuity  where  they  occur. 
Projecting  from  the  wall  of  the  shaft  there  is  a  half  diaphragm  D,  which 
closes  up  one-half  of  the  calibre  of  the  shaft,  leaving  the  other  half  free. 
This  half  diaphragm  is  not  fixed  at  right  angles  to  the  long  axis  of  the 
shaft,  but  is  sloped  as  shown.  The  tube  T,  upon  which  the  face-piece 
plugs,  passes  into  the  shaft  S.  It  has  a  whistle-shaped  end  which  fits 
up  against  the  half  diaphragm  D.  It  also  carries  a  long  rod  or  indicator 
(i),  which  points  to  figures  on  the  circumference  of  the  ether  reservoir 
(Fig.  28).    When  the  face-piece  and  tube  T  are  fixed,  as  in  actual  ad- 
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ministration,  the  ether  reservoir  rotates  easily  upon  T,  and  so  the  figures 
on  the  circumference  travel  one  after  the  other  past  the  indicator  (i). 
Should  the  ether  reservoir  be  fixed,  the  face-piece,  tube,  and  indicator 
would,  of  course,  revolve.  If  the  indicator  points  to  'o,'  and  the  face- 
piece  and  bag  are  attached  to  the  ether  reservoir,  an  inspiration  on  the 
pari,  of  the  patient  will  take  the  course  shown  in  Fig.  30.  It  will  pass 
straight  through  the  shaft  without  in  any  way  entering  the  chamber 
containing  the  ether.  The  openings  (0  and  0')  in  the  shaft  are  rendered 
unavailable,  the  upper  ones  (0)  by  reason  of  the  half  diaphragm  D,  and 
the  lower  ones  (0')  by  the  whistle-shaped  end  of  the  tube  T.  When 
the  ether  reservoir  is  rotated,  however,  so  that  the  filling  tube  passes 


Fig.  32.— Diagram  showing  the  extent  to  which  the  air-current  passes  over  ether  in 
Clover's  Portable  Inhaler  when  the  indicator  points  to  'o,'  '  1,'  '2,'  '3,'  and  '  F.'  The 
whole  current  is  diagramatically  represented  by  four  lines. 

away  from,  and  eventually  gets  opposite  to  the  indicator,  which  now 
points  to  'F'  on  the  circumference  of  the  ether  reservoir,  the  course  of 
an  inspiration  on  the  part  of  the  patient  will  be  very  different.  It  will 
now  enter  the  opening  0',  and  having  passed  over  the  ether  (see  long 
arrow),  will  escape  at  the  opening  0  into  the  tube  T,  and  so  pass  to  the 
patient.  The  whole  of  the  current  will  thus  become  deflected  and  made 
to  pass  over  the  ether.  An  expiration  on  the  part  of  the  patient  would, 
of  course,  travel  backwards  to  the  bag  by  exactly  the  same  route  as  the 
inspiration  came.  The  two  sectional  drawings  show  the  course  of  an 
inspiration  with  the  indicator  at  '  o '  and  '  F '  -respectively.  The  degree 
to  which  the  current  is  made  to  pass  over  the  ether  will  depend  upon 
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the  extent  to  which  the  ether  reservoir  is  made  to  rotate  upon  the 
whistle-shaped  tube,  and  this  extent  is  registered  by  the  indicator  (i). 
With  the  indicator  at  'o'  the  current  is  a  wholly  direct  one,  passing 
backwards  and  forwards  to  the  ba.i;  without  entering  the  ether  chamber 
(Fig.  32).  With  the  indicator  at  '  1,'  one  quarter  is  indirect,  i.e.,  passes 
over  the  ether,  and  three  quarters  are  direct,  i.e.,  pass  to  and  from  the 
bag  without  being  deflected.  With  the  indicator  at  *2,'  two  quarters 
are  indirect,  and  two  quarters  direct.  With  the  indicator  at  '  3,'  three 
quarters  are  indirect,  and  one  quarter  direct.  With  the  indicator  at '  F  ' 
or  'full,'  four  quarters  (i.e.,  the  whole  of  the  current)  are  indirect, 
and  pass  over  the  ether  in  the  chamber. 

The  sectional  drawings  of  Figs.  30  and  31  apply  to  the  ordinary 


Fio.  33.— Section  of  a  Modified  Clover's  Ether  Inhaler.    (Two-thirds  actual  size.) 

pattern  of  Clover's  inhaler.  Two  slight  modifications  deserve  notice. 
(1.)  Owing  to  the  small  extent  of  bearing  at  the  end  of  the  whistle- 
shaped  tube,  ether  vapour  is  prone  to  gain  admission  into  this  tube, 
even  though  the  indicator  points  to  '  o.'  To  obviate  this  the  central 
tube  has  been  made  of  a  totally  different  shape  1  (Fig.  33),  and  the 
holes  or  slots  in  the  shaft  have  been  correspondingly  altered.  From 
the  accompanying  sectional  drawing  of  this  inhaler  it  will  be  seen  that 
the  half-diaphragm  D  is  placed  at  right  angles  to  the  shaft.  The  tube  T 
works  up  against  this  half-diaphragm.  T  has  in  its  circumference  two 
large  slots  (SI).    It  is  also  furnished  with  a  half-diaphragm,  D',  which 


1  This  improvement  was  introduced  by  Messrs.  Barth  &  Co. 
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joins  a  plate  P  passing  to  the  end  ol'  the  tube.  When  T  is  in  position 
the  plate  P  meets  the  fixed  half-diaphragm  D.  In  the  shaft  S  there 
are  two  slots  (SI')  which  are  shown  in  dotted  outline.  These  slots  (SI'), 
which  open  into  the  ether  chamber  are  accurately  and  thoroughly  closed 
by  the  ample  bearing  of  T.  When  the  ether-reservoir  rotates  on  T, 
the  slots  SI'  gradually  communicate  with  the  slots  SI,  and  the  current 
is  thus  made  to  pass  over  ether  to  any  desired  extent.  This  particular 
fitting  is  advantageous  when  administering  nitrous  oxide  through 
Clover's  ether  reservoir  (see  p.  184) ;  for,  by  reason  of  the  ample  bearing, 
ether  vapour  does  not  escape  into  the  tube  when  the  indicator  is  at  'o.' 
(2.)  It  is  necessary  during  the  administration  of  ether  by  Clover's 
apparatus  to  frequently  ascertain  whether  enough  ether  is  present.  I 
therefore  devised  the  little  stopper  shown  in  Fig.  33.  The  orifice  of 
the  filling-tube  is  made  flush  with  the  surface  of  the  reservoir.  The 
vulcanite  plug  (V)  terminates  in  a  short  glass  tube  (G)  closed  at  one  end. 
The  level  of  the  ether  in  the  apparatus  can  thus  be  easily  ascertained 
without  removing  the  stopper. 

Directions  for  using  Clover's  Portable  Regulating  Ether 

Inhaler. 

1.  Pour  out  any  ether  that  may  have  been  left  from  a  previous 
administration. 

2.  In  cold  weather  partially  immerse  the  ether  reservoir  in  warm 
water  for  a  few  minutes  before  use.  This  is  very  important,  and 
absolutely  essential  to  success  when  anaesthetising  patients  who 
are  likely  to  require  considerable  quantities  of  the  anaesthetic 
(tall  muscular  men,  alcoholics,  &c).  The  water  used  for  warming 
the  apparatus  must  not  be  too  hot. 

3.  Pour  in  through  the  filling  tube  1^  ozs.  of  ether,  replace  the 
stopper  or  cork,  and  turn  the  indicator  to  '  o.' 

4.  Fit  on  a  face-piece  of  appropriate  size  ;  and  blow  out  through 
the  apparatus,  in  order  to  expel  all  traces  of  ether  vapour  that 
might  possibly  be  present  in  the  shaft  of  the  apparatus. 

5.  Gently  but  accurately  adapt  the  face-piece  to  the  face  of  the 
patient ;  and  request  him  to  breathe  in  and  out  quite  freely.  By 
telling  the  patient  that  he  is  simply  breathing  air  he  will  gain 
confidence  and  breathe  without  hesitation. 

6.  When  the  patient  is  breathing  freely  attach  the  bag  to  the 
ether  reservoir.  This  should  be  done  during  an  expiration  in 
order  to  fill  the  bag,  more  or  less,  with  the  patient's  own  breath. 
As  a  general  rule  it  is  necessary  to  catch  several  expirations  in 
order  that  the  bag  may  be  filled  before  starting.  All  that  is 
needed  is  to  press  the  face-piece  more  tightly  during  expiration 
than  during  inspiration,  and  the  bag  will  then  fill. 

7.  Allow  the  patient  to  breathe  backwards  and  forwards  for 
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about  half  a  minute  before  turning  on  any  ether  vapour.  This  is 
perhaps  the  most  important  step  in  the  administration.  To 
apply  the  apparatus  with  the  indicator  at  any  other  place  than 
'  o  '  is  wrong ;  and  it  is  equally  wrong  to  commence  the  rotation 
of  the  ether  reservoir  till  the  patient  has  been  breathing  his  own 
expired  air  backwards  and  forwards  for  the  time  mentioned. 
Should  the  breathing  be  unsatisfactory,  or  the  breath  be  held, 
the  patient  should  be  encouraged  and  told  to  '  blow  out '  into  the 
bag.  Forcible  expiration  must  be  followed  by  a  correspondingly 
deep  inspiration.  Should  the  patient  have  a  beard  or  moustache 
the  face-piece  must  be  pressed  very  tightly  to  exclude  all  atmos- 
pheric air.  Having  once  got  the  bag  sufficiently  full  of  expired 
air  the  administrator  should  not  raise  the  face-piece  from  time  to 
time  to  admit  fresh  air.  This  procedure  is,  of  course,  necessary 
later  on,  but  is  quite  wrong  at  the  present  stage  of  the  inhalation. 
The  bag  should  freely  expand  and  contract  as  the  patient  breathes. 
Each  inhaler  emits  a  characteristic  sound  when  the  face- piece 
fits  well  and  the  breathing  is  free ;  and  the  administrator  should 
attempt  to  secure  this  sound  with  each  case. 

8.  Having  allowed  the  patient  to  breathe  his  own  expirations  back- 
wards and  forwards  for  the  time  mentioned,  very  gradually  rotate 
the  ether  reservoir  so  that  the  1  o '  on  its  circumference  moves  almost 
tut  perceptibly  but  yet  continuously  away  from  the  indicator.  If  the 
patient's  head  be  on  its  right  side  the  administrator  should  grasp 
the  face-piece  with  his  right  hand  and  have  his  left  free  for  the 
almost  continuous  rotation  of  the  reservoir.  As  a  general  rule 
about  one-eighth  of  an  inch  of  the  circumference  of  the  reservoir 
may  be  moved  away  from  the  indicator  every  breath  or  two. 
Should  the  administrator  rotate  the  reservoir  too  quickly,  swallow- 
ing, holding  the  breath,  coughing,  or  retching  will  be  likely  to 
result.  Should  the  patient  swallow  or  hold  the  breath  the 
reservoir  should  be  turned  back  till  breathing  is  again  regular. 
Ptespiratory  rhythm  is  nearly  always  interfered  with  to  a  slight 
extent  by  an  occasional  act  of  swallowing  or  a  temporary  holding 
of  the  breath.  But  after  about  1^  minutes  the  breathing  (usually 
quite  suddenly)  becomes  regular  and  deeper.  This  change  in  the 
character  of  the  respiration  is  probably  simultaneous  with  loss  of 
consciousness.  The  administrator  should  take  advantage  of  this 
deeper  respiration  to  turn  on  ether  somewhat  more  freely  than 
before  ;  i.e.,  he  may  rotate  the  ether  reservoir  rather  more  rapidly, 
but  the  rotation  should  never  be  rapid  enough  to  excite  cough, 
it  should  not  be  in  jerks,  but  should  be  progressive.  Up  to  this 
time  no  fresh  air  has  been  admitted,  and  if  the  face-piece  fit  as  it 
should  do,  the  colour  of  the  face  will  be  growing  a  trifle  dusky. 

9.  Fresh  air  should  not  be  given  till  tliere  is  a  distinct  indication 
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for  it.  Moderate  duskiness  or  lividity  is  not  of  itself  an  indica- 
tion for  fresh  air  at  this  period.  But  should  this  symptom  be 
associated  with  any  impairment  of  respiration  or  circulation,  air 
should  at  once  be  allowed.  Healtby  and  florid  subjects  quickly 
become  dusky  with  Clover's  inhaler  properly  used.  If  a  breath 
of  fresh  air  be  admitted  early  in  the  administration  simply  because 
the  patient  is  dusky,  he  will  almost  certainly  come  round  suffi- 
ciently to  hold  his  breath,  swallow,  set  his  teeth,  or  cough,  and 
difficulties  will  be  likely  to  be  thus  initiated.  ]STo  attention  should 
be  paid  to  the  duskiness,  as  a  general  rule,  till  stertor  has  com- 
menced. At  this  time,  usually  two  to  three  minutes  from  the 
commencement,  one  inspiration  of  fresh  air  may  be  allowed,  and 
the  next  expiration  collected  in  the  bag.  Two  or  three  breaths 
will  be  too  much  in  strongly  built  subjects.  The  stronger  and 
moi^e  full-blooded  the  patient  the  more  careful  must  we  be  in 
admitting  air,  if  we  wish  to  secure  good  anaesthesia  without 
excitement  or  struggling.  The  exclusion  of  air,  as  here  recom- 
mended, is  not  so  necessary,  nor  is  it  advisable,  in  fragile  and 
feeble  subjects. 

10.  Wlien  a  breath  of  fresh  air  is  given  the  strength  of  vapour 
should  be  increased,  otherwise  the  patient  may  come  out  of  the 
anaesthesia.  We  have,  in  using  this  inhaler,  two  factors;  the 
ether  factor  and  the  asphyxial  factor.  The  less  air  we  give  the 
less  ether  we  shall  need  :  the  more  air  we  admit  the  more  ether 
will  be  required. 

11.  Should  symptoms  of  excitement  arise,  and  struggling  com- 
mence, the  inhaler  should  be  kept  closely  applied.  When  the 
apparatus  is  properly  managed,  excitement  and  struggling  are 
quite  exceptional.  When  they  manifest  themselves  they  are 
best  treated  by  a  persistent  and  steady  administration.  The 
asphyxial  element,  which  is  now  regarded  as  dangerous  under 
chloroform  at  this  stage,  is  practically  without  risk  under  ether. 
Still,  in  persons  with  a  feeble  circulation,  and  especially  in  flabby 
elderly  people,  the  administrator  should  avoid  any  prolonged 
suspension  of  breathing,  and  should  rather  allow  his  patient  to 
give  him  a  little  trouble  by  partially  emerging  from  the  state 
already  induced,  than  run  any  risk  of  throwing  a  dangerous  strain 
upon  a  disordered  circulation. 

1 2.  When  the  breathing  has  become  regular  and  stertorous,  and 
the  conjunctiva  insensitive  (these  signs  usually  manifest  them- 
selves in  about  2  J  or  3  minutes)  the  inhaler  shoidd  be  removed 
for  tioo  or  three  breaths.  The  administrator  will  usually  now  be 
able  to  let  his  patient  partially  regain  his  normal  colour.  He 
should  not,  however,  be  in  a  hurry  to  do  this.  More  than  an 
inspiration  or  two  of  air  may  at  once  cause  holding  of  the  breath, 
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increased  cyanosis,  jaw-spasin,  &c.  It  is  best  to  have  secured 
deep  stertor  for  two  or  three  minutes  before  giving  the  quantity 
of  air  needed  to  restore  the  usual  colour. 

13.  In  ordinary  cases  it  is  unnecessary,  in  order  to  secure  full 
aniestliesia,  to  rotate  the  ether  reservoir  beyond  '3.'  If  care  be 
taken,  and  symptoms  closely  observed,  this  figure  may  generally 
be  reached,  without  exciting  cough,  &c,  in  about  2  J  minutes  from 
the  commencement.  In  patients  requiring  large  quantities  of 
ether,  it  may,  however,  be  necessary  to  proceed  as  far  as  'F1; 
and  even  to  keep  the  indicator  at  '  F '  for  several  minutes  before 
complete  anaesthesia  is  established.  In  the  case  of  children,  feeble 
subjects,  &c,  a  proper  degree  of  anaesthesia  may  often  be  reached 
without  ever  carrying  the  indicator  beyond  '  1 '  or  '  ij.' 

14.  Wlien  once  full  surgical  ancesthesia  has  become  established, 
the  anesthetist  icill  be  able  to  turn  back  the  ether  reservoir  to  '2,' 
'  1^,'  or  even  '  1,'  and  to  admit  air  in  sufficient  quantities  to  avoid 
cyanosis.  It  is  impossible  to  lay  clown  any  definite  rules  as  to 
the  position  in  which  the  indicator  should  be  allowed  to  remain 
during  the  administration.  Speaking  generally,  less  and  less 
ether  will  be  needed  as  the  inhalation  proceeds.  The  proper 
degree  of  anaesthesia  for  the  particular  case  must  be  ascertained, 
and  the  indicator  arranged  accordingly.  Similarly,  the  extent  to 
which  fresh  air  should  be  allowed  must  vary  widely.  We  may 
say,  speaking  generally,  that  the  longer  the  administration  has 
been  proceeding  the  more  air  may  we  allow.  The  best  guide  as 
to  the  need  for  air  (I  am  now  speaking  of  the  latter  stages  of 
the  administration)  is  the  colour  of  the  features.  When  once 
anaesthesia  has  become  properly  established,  the  face-piece  should 
be  entirely  removed  for  one  or  two  breaths  of  fresh  air  about  every 
20  or  30  seconds.  Should  the  asphyxial  element  be  badly  borne, 
or  should  the  patient  be  weak  or  very  fragile,  more  air  than  this 
will  probably  be  advisable.  On  the  other  hand,  should  the  patient 
tend  to  emerge  from  the  ether  anaesthesia,  and  should  he  be  in  a 
fair  state  of  health,  the  asphyxial  factor  may  with  advantage  be 
made  use  of  to  a  greater  degree. 

15.  Be  careful  to  replenish  the  ether  reservoir  before  the  ether  in 
it  is  exhausted.  If  this  is  not  done  the  patient  may  come  out 
of  the  anaesthesia  whilst  the  inhaler  is  being  re-charged.  In 
patients  of  stalwart  build  and  in  good  health  it  is  often  necessary 
to  refill  the  apparatus  about  5  or  7  minutes  after  commencing, 
more  especially  if  the  weather  is  warm,  or  the  apparatus  has  been 
heated  before  use. 
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Ormsby's  Ether  Inhaler. 

The  Ormsby's  inhaler  usually  supplied  by  the  instrument-makers 
is  constructed  as  represented  in  the  accompanying  diagram  (Fig.  34). 
F  is  a  metal  (zinc)  face-piece  which  can  be  bent  to  any  desired  shape. 
Its  edge  is  guarded  by  an  india-rubber  pad  (P),  which  can  be  in- 
flated with  air.  To  the  other  edge  of  the  face-piece  there  is  fixed  a 
wire  cage  (C)  containing  a  sponge  (S).  The  bag  (B)  fits  on  to  the 
face-piece,  and  its  neck  grasps  the  cage.  The  bag  is  covered  with  a 
loose  netting  by  some  makers  of  the  apparatus.    On  the  upper  surface 


Fig.  34. — Diagram  of  Ormsby's  Ether  Inhaler.   (Ordinary  pattern.) 


of  the  face-piece  there  is  a  circular  opening  (0)  with  a  slot  (Si)  cut 
in  its  circumference.  Fixed  into  the  mouth  of  this  opening  there  is  a 
funnel-shaped  tube  (Fit),  which  passes  downwards  and  then  divides, 
the  two  arms,  which  have  perforated  holes  in  them,  coming  into  contact 
with  the  sponge.  A  cap  (Ca)  fits  over  0,  and  like  O  is  furnished  with 
a  slot,  which  may  be  made  to  correspond  to  the  slot  (SZ)  in  O.  When 
the  slots  correspond  air  will  gain  admission  to  the  apparatus  ;  when 
they  do  not  correspond  this  communication  with  the  air  is  cut  off. 
When  the  cap  is  taken  off,  as  in  the  figure,  the  funnel-shaped  tube 
(Fw)  may  be  used  for  supplying  ether  to  the  sponge. 

Experience  with  this  useful  inhaler  has  led  to  one  or  two  slight 
modifications  in  its  construction.  In  actual  practice  the  funnel-shaped 
filiing-tube  is  rarely  used,  for  it  is  found  to  be  more  convenient  to  pour 
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ether  directly  upon  the  sponge.  Then,  again,  the  bag_  usually  supplied 
with  the  inhaler  has  proved  to  be  far  too  small,  especially  tor  amBstne- 
tisin"  patients  with  full  chest  capacity.  And,  lastly,  any  netting  over 
the  ba"  is  unnecessary  and  out  of  place,  as  free  respiration  may  thereby 
be  restricted.  Mr.  Woodhouse  liraine,  who  prefers  Ormsby  s  appa- 
ratus to  all  others  for  ether-giving,  has  therefore  used  for  .  many  years 
an  inhaler  possessing  no  filling  tube  and  having  a  very  capacious  bag 
of  red  rubber  without  a  network  covering.  The  red  india-rubber  is 
little  if  at  all  affected  by  ether.  . 

The  Ormsby's  inhaler  which  I  myself  employ  is  shown  m  *ig.  35. 
P  represents  the  india-rubber  pad  round  the  face-piece  ;  B  is  the  bag  ; 


Fig.  35.— Ormsby's  Ether  Inhaler,  with  Removable  Water-chamber. 


and  Ca  is  the  air-cap.  This  inhaler  is  identical  in  its  general  con- 
struction with  Mr.  Woodhouse  Braine's  pattern  ;  but  it  possesses  a 
simple  internal  arrangement,  made  for  me  by  Messrs.  Weiss  &  Son, 
for  preventing  the  temperature  of  the  sponge  becoming  too  low  during 
the  administration.  There  has  always  been  this  objection  to  Ormsby's 
inhaler.  It  may,  of  course,  be  overcome  by  simply  wringing  out  the 
sponge  in  hot  water  before  commencing,  by  warming  the  body  of  the 
inhaler,  by  replacing  the  frozen  sponge  during  the  administration,  or 
by  other  devices.  But  the  best  plan  that  I  know  is  to  have  the  cage 
of  the  inhaler  so  made  that  it  will  allow  of  a  small  portable  metal  water- 
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chamber  (W)  being  introduced.  By  having  the  sponge  cage  longitudi- 
nally divided  into  three  compartments,  and  using  the  central  compart- 
ment or  space  (CW)  for  the  water-chamber,  the  two  side  partitions  are 
left  for  the.  sponge  or  sponges  (S).  By  placing  the  little  chamber  in 
warm  water  for  a  few  minutes  it  takes  up  heat,  and  will  thus  either 
prevent  the  tendency  of  the  sponge  to  freeze,  or,  should  it  have  become 
frozen,  will  <jiiickly  thaw  it.  The  chamber  is  not  of  much  use  in  ho1 
weather,  but  in  winter  time,  and  more  especially  when  anaisthetising 
vigorous  or  alcoholic  subjects,  I  find  it  of  much  assistance.  I  think, 
too,  that  when  giving  ether  to  patients  in  whom  a  liability  to  bronchial 
affections  exists,  the;  use  of  this  contrivance  may  minimise  the  risk 
which  might  be  attached  to  the  use  of  this  anaesthetic  in  such  cases.. 
If  one  has  at  hand  a  basin  of  hot  water  it  is  very  easy  to  keep  the 
water-chamber  warm  by  immersing  it  and  replacing  it  from  time  to 
time. 

Directions  for  using  Ormsby's  Inhaler. 

1.  Wring  out  the  sponge  in  warm  water,  and,  having  squeezed  it 
as  dry  as  possible,  place  it  in  the  cage. 

2.  Pour  upon  the  sponge  about  half-cm-ounce  of  ether. 

3.  Very  gradually  bring  the  inhaler  towards  the  face  of  the 
patient,  and,  if  an  air-slot  be  used,  see  that  it  is  open. 

4.  Encourage  the  patient  to  breathe  as  freely  as  possible,  and 
gradually  close  the  air-slot.  Unless  the  administration  be  con- 
ducted very  gradually  an  intense  feeling  of  suffocation  will  result. 
Even  if  care  be  taken,  the  induction  of  anaesthesia  by  this  inhaler 
is  by  no  means  agreeable.  Holding  of  the  breath,  swallowing, 
coughing,  and  a  very  copious  secretion  of  mucus  are  common,  and 
excitement  and  struggling  are  often  met  with. 

5.  Be  prepared  for  the  patient  attempting  to  p>ush  away  the 
inhaler,  rising  from  the  bed,  §c.  When  once  the  administration 
has  been  fairly  started  the  inhaler  should  not  be  removed  for  air 
till  signs  of  anaesthesia  are  approaching,  or  till  more  ether  is 
required. 

6.  Should,  the  sponge  freeze,  another  one,  wrung  out  as  before, 
xhould  be  substitided,  and  fresh  ether  added. 

7.  When  more  ether  is  needed,  about  hcdf-an-ounce  at  a  time 
should  be  added  to  the  sponge. 

The  quantity  of  ether  required  will  vary  widely,  and  the  same 
may  be  said  with  regard  to  the  supply  of  air.  The  weaker  the 
patient  the  greater  should  be  the  supply  of  air  allowed.  Very 
vigorous  and  alcoholic  persons  will  require  large  quantities  of 
ether,  and  in  such  subjects  the  air-supply  may  be  more 
restricted. 
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Clover's  and  Ormsby's  Inhalers  Compared. 

For  inducing  anaesthesia  by  means  of  ether  there  is  no  appa- 
ratus which  can  be  compared  to  that  invented  by  Clover,  for  the 
anaesthetic  vapour  may  be  admitted  so  gradually  that  the  initial 
discomforts  are  reduced  to  a  minimum.  But  for  maintaining 
ether  anaesthesia  Ormsby's  inhaler  is  equal,  and  in  many  cases 
superior  to  Clover's.  I  have  on  several  occasions  changed  from 
a  Clover's  to  an  Ormsby's  inhaler  with  marked  improvement  in 
the  symptoms  of  the  patient.  For  example,  I  have  often  known 
cyanosis  to  quickly  vanish  and  the  breathing  to  become  less 
hampered  by  effecting  this  change  of  inhalers  during  deep  ether 
anaesthesia.  It  is  probable  that  the  narrow  channels  through 
which  the  patient  has  to  breathe  in  Clover's  apparatus  may  be 
responsible  for  differences  of  this  kind.  But  there  is  another 
explanation,  viz.,  that  during  the  intervals  in  which  the  inhaler  is 
removed  from  the  face  the  narrower  and  more  circuitous  channels 
tend  to  retard  diffusion  between  the  bag  and  the  outer  air.  In 
Ormsby's  inhaler  there  is  greater  chance  of  diffusion,  and  expira- 
tory products  are  hence  not  so  likely  to  accumulate.  Clover's 
inhaler  is  preferable  to  Ormsby's  for  anaesthetising  quite  young 
children,  as  the  quantity  of  ether  required  is  very  small.  More 
ether  is  wasted  when  employing  Ormsby's  apparatus  than  when 
using  Clover's. 

Ormsby's  inhaler  is  admirably  well  adapted  for  administering 
ether  after  a  full  inhalation  of  nitrous  oxide  (p.  180),  because  a 
sudden  and  considerable  quantity  of  ether  is  needed  within  a  very 
short  space  of  time.  Bat  when  it  is  desired  to  gradually  admit 
ether  vapour  during  the  inhalation  of  nitrous  oxide,  Clover's 
inhaler  answers  extremely  well  (p.  184). 

Ormsby's  inhaler  is  preferable  to  Clover's  for  administering 
ether  after  a  small  quantity  of  the  A.  C.  E.  mixture  (p.  256). 

B.  THE  EFFECTS  PRODUCED  BY  THE 
ADMINISTRATION  OF  ETHER. 

Ether  is  now  so  widely  employed  for  the  production  of  surgical 
anaesthesia,  that  the  phenomena  which  attend  its  exhibition  are 
worthy  of  the  most  careful  consideration  and  study.  In  order 
that  this  agent  may  be  administered  with  success,  some  amount 
of  training  is  absolutely  essential.  What  one  surgeon  would 
regard  as  satisfactory  ether  anaesthesia  another  might  consider 
-as  by  no  means  entitled  to  such  a  favourable  description.  With 
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proper  attention  to  a  few  cardinal  points,  and  with  a  little- 
practice,  the  administrator  will  find  that  he  is  not  only  able  to 
materially  lessen  the  disadvantages  of  ether  as  an  anaesthetic, 
but  that  he  can,  without  danger  to  his  patient,  or  anxiety  to 
himself,  induce  and  maintain  by  its  means  a  most  satisfactory 
form  of  anaesthesia  for  surgical  operations.  Although  there  are 
often  little  difficulties  to  be  overcome  early  in  the  administration  ; 
all  bough  the  anaesthetic  may  cause  a  degree  of  respiratory  activity 
which  does  not  contrast  very  favourably  with  the  more  tranquil 
breathing  of  other  anaesthetics ;  although  the  air-way  is  more 
liable  to  become  temporarily  occluded  than  when  employing  chloro- 
form; the  anaesthesia  from  ether  is  as  safe  as  one  can  reason- 
ably expect  profound  surgical  anaesthesia  to  be.  If  there  is  one 
thing  concerning  this  valuable  agent  more  worthy  of  note  than 
another  it  is  that,  when  once  deep  narcosis  has  been  produced, 
the  administrator  may  rest  assured  that,  should  any  untimely 
symptoms  occur,  sufficient  warning  will  be  afforded  him  to  meet 
them  with  deliberation  and  success.  The  anaesthesia  of  ether 
thus  strongly  contrasts  with  that  of  chloroform,  under  the  in- 
fluence of  which  patients  not  infrequently  pass  into  a  condition 
of  some  danger  with  but  little  or  no  warning.  The  moderately 
healthy  patient  under  ether  may  be  raised  into  the  sitting  posture: 
he  may  be  subjected  to  an  operation  before  he  is  very  deeply 
anaesthetised  : 1  his  air-supply  may  be  so  restricted  that  a  con- 
siderable degree  of  cyanosis  is  occasioned  :  and  yet  his  circulation 
will  not  show  that  liability  to  comparatively  sudden  fluctuations 
and  depressions  which,  whatever  may  be  their  physiological 
explanation,  most  undoubtedly  occur  under  chloroform.  In  addi- 
tion to  these  important  considerations,  the  respiration  under 
ether  is  usually  so  obvious  and  audible  that  any  alteration  in  the 
function  of  breathing  may  be  at  once  detected  :  the  sleep-like 
and  inaudible  respiration  not  infrequently  met  with  under  chloro- 
form is  almost  unknown  under  ether. 

The  phenomena  of  ether  anaesthesia  will  be  found  to  greatly 
depend  upon  the  method  of  administration  adopted.  When  the 
anaesthetic  is  given  slowly  and  with  a  free  supply  of  air,  i.e.,  by 
the  '  open '  method,  the  time  taken  to  secure  complete  narcosis 
will  be  longer,  and  the  stages  of  anaesthesia,  if  such  they  can  be 
called,  will  be  more  noticeable  than  if  moderate  air-limitation, 
i.e.,  the  'close'  method,  be  practised.  Owing  to  the  rapidity 
and  quietude  with  which  patients  become  anaesthetised  by  ether 

1  Although  the  commencement  or  performance  of  an  operation  during 
imperfectly  established  ether  anaesthesia  is  not  attended  by  that  risk  which 
obtains  under  similar  circumstances  with  chloroform,  such  a  procedure  should 
never  be  adopted  save  in  exceptional  cases. 
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when  the  air-supply  is  properly  regulated,  we  do  not  now,  as 
formerly,  have  such  a  favourable  opportunity  of  studying  the 
so-called  stages  of  the  inhalation.  For  many  reasons,  however, 
and  more  especially  for  the  correct  understanding  of  exceptional 
cases,  it  is  well  that  we  should  continue  to  speak  of  these  degrees 
or  stages. 

FiPSt  Degree  Or  Stage.  In  consequence  of  the  pungent 
and  rather  disagreeable  odour  of  ether,  it  is  impossible  to  com- 
pletely avoid  all  unpleasant  sensations  at  the  commencement 
of  the  inhalation.  When  well  diluted  with  air,  however,  or 
cautiously  administered  during  the  re-breathing  of  a  limited 
quantity  of  air  as  by  Clover's  inhaler,  the  irritant  properties  of 
the  vapour  will  be  greatly  minimised.  Should  the  vapour  be  too 
strong  for  the  particular  patient,  the  glottis  will  close,  as  in  the 
early  stage  of  swallowing,  and  a  feeling  of  suffocation  may  ensue 
Should  the  anaesthetic  be  so  administered  that  closure  of  the 
glottis,  repeated  acts  of  swallowing,  and  cough  are  more  or  less 
completely  prevented,  respiration  will  rhythmically  proceed,  and 
will  become  deeper  and  quicker  than  normal.  Disturbances  of 
sight,  hearing,  and  tactile  sensibility  are  liable  to  be  experienced. 
Flashes  of  light  before  the  eyes  have  been  described.  If  any  one 
is  speaking  in  the  room  the  voice  may  seem  to  be  painfully  loud 
and  grating  in  character.  Singing  in  the  ears,  buzzing  sounds, 
and  hammering  noises  have  been  recorded.  It  is  a  verv  common 
thing  for  the  patient  to  feel  a  peculiar  thrilling  or  prickly  sensa- 
tion throughout  the  body.  At  this  stage  the  pulse  is  usually 
considerably  accelerated;  and  the  pupils  large  and  very  mobile. 
A  state  of  analgesia  is  reached  in  which  the  patient,  though 
more  or  less  conscious  of  his  surroundings,  will  not  experience 
pain  from  the  infliction  of  an  injury.  A  tooth  might,  for 
example,  be  painlessly  extracted  during  this  state,  the  patient 
being  all  the  while  aware  of  the  operation.  It  is  hai^dly  necessary 
to  point  out  that  this  stage  of  etherisation  is,  as  a  rule,  very 
short,  more  especially  when  a  close  inhaler  is  employed. 

Second  Degree  or  Stage. — Loss  of  consciousness  takes 
place  abruptly.  The  patient  passes  into  a  condition  in  which, 
although  memory,  volition,  and  intelligence  are  abrogated,  he 
will  readily  respond  to  stimuli.  The  response  may  have  all  the 
appearance  of  conscious  response.  Questions  may  be  answered ; 
but  the  answers  will  probably  be  nonsensical.  Laughing, 
struggling,  shouting,  and  singing  may  be  met  with  at  the 
commencement  of  this  stage  if  the  administration  be  slowly 
conducted.  They  are  more  likely  to  occur  in  patients  who  re- 
quire considerable  quantities  of  the  anaesthetic  than  in  others. 
Struggling  will  often  fail  to  appear  if  the  slight  restless  move- 
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ments  of  the  arms  and  legs,  which  are  common  at  this  stage,  be 
unrestrained.  Holding  the  patient  down,  as  well  as  other  inter- 
ferences, may  readily  evoke  struggling.  Hallucinations  of  sight 
and  hearing  often  occur,  especially  when  ether  is  slowly  given 
with  plenty  of  air.  The  pupils  are  still  mobile,  and  usually  more 
or  less  dilated.  The  muscular  system  is  for  the  most  part  thrown 
into  a  state  of  tonic  contraction ;  but  clonic  movements  may 
sometimes  be  witnessed  towards  the  close  of  the  stage.  In  excep- 
tional cases  a  fine  tremor,  known  as  '  ether-tremor,'  may  occur.1 
This  phenomenon  appears  to  belong  more  to  the  second  than  to 
the  third  stage  of  etherisation,  seeing  that  it  may  usually  be  con- 
trolled by  a  deeper  anaesthesia;  so  that  it  is  here  referred  to. 
Mucus  and  saliva  are  freely  secreted,  especially  in  young  and 
florid  subjects.  The  features  become  flushed,  the  conjunctiva; 
injected,  perspiration  commences  to  break  out  over  the  face  and 
other  parts,  and  a  harmless  degree  of  duskiness,  varying  with  the 
quantity  of  air  admitted  and  with  the  patient's  normal  colour, 
will  be  observed.  The  pulse  is  quick  and  bounding.  Any  articu- 
late language  which  may  have  been  uttered  becomes  replaced  by 
disjointed  speech,  which  in  its  turn  is  followed  by  inarticulate 
muttering,  and  subsequently  by  mere  syllables  or  expiratory 
noises.  The  breathing  during  this  stage  is  inclined  to  be  irre- 
gular and  a  trifle  hampered,  owing  to  the  tendency  to  general 
muscular  spasm.  Temporarily  suspended  respiration  may  thus 
sometimes  be  met  with,  more  especially  in  muscular  subjects. 
The  commonest  cause  for  these  slight  irregularities  in  breathing 
at  this  stage  is  the  employment  of  too  strong  a  vapour.  Clench- 
ing of  the  teeth  from  masseteric  spasm,  half-performed  acts  of 
swallowing  necessarily  interfering  with  respiration,  and  vai-ying 
degrees  of  laryngeal  spasm  are  one  and  all  liable  to  arise  from 
this  cause.  As  the  inhalation  proceeds,  however,  the  breathing 
grows  more  and  more  regular,  and  commencing  stertor  may  be 
detected.  Those  muscles  whose  special  office  it  is  to  carry  on 
respiration  now  become  incapable  of  being  reflexly  affected  by  the 
stimulus  of  ether,  whilst  others,  whose  spasmodic  contraction 

1  I  have  notes  of  several  cases  of  '  ether-tremor.'  In  four  of  these  it  was 
considerable.  The  ages  of  three  of  the  patients  were  21,  24,  and  30  respec- 
tively ;  no  age  is  recorded  in  the  other  case.  In  one  instance  (the  patient 
aged  30)  the  tremor  came  on  before  the  operation  commenced.  In  the  patient 
aged  24,  a  healthy  and  well-developed  man,  undergoing  an  operation  for 
varicose  veins,  the  tremor  was  associated  with  a  very  large  pupil  and  some 
lid-reflex.  Julliard  (op.  cit.)  states  that  he  has  never  witnessed  this  pheno- 
menon in  women,  and  also  that  the  patients  in  whom  tremor  occurs  are 
invariably  alcoholic  or  extremely  nervous  subjects.  With  the  latter  state- 
ment I  cannot  agree,  as  I  have  witnessed  the  symptom  in  question  in  young 
and  non-alcoholic  patients. 
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would  only  indirectly  affect  the  rhythm  and  amplitude  of  breath- 
ing (such  as  many  of  the  muscles  bounding  and  inlluencing  the 
conformation  of  the  upper  air-passages),  are  now  unable  to  inter- 
fere with  free  respiration,  owing  to  their  having  become  flaccid 
under  the  anaesthetic.  In  this  manner  the  patient  passes  into 
the  third  stage  of  anaesthesia. 

The  reader  must  bear  in  mind  that  when  the  administration  is 
properly  conducted  the  duration  of  the  second  stage  is  far  shorter 
than  the  above  description  might  suggest.  When  a  close  inhaler 
is  used,  both  the  first  and  second  stages  may  be  passed  over,  and 
deep  anaesthesia  reached  in  from  three  to  four  minutes.  But 
for  purposes  of  analysis  we  have  had  to  picture  to  ourselves  a 
slow  inhalation  with  more  air  than  is  usually  advisable.  More- 
over, in  the  above  description  it  has  been  taken  for  granted  that 
no  surgical  or  other  procedure  which  would  produce  pain  in  a 
conscious  patient  has  been  in  progress.  The  influences  upon 
respiration  and  circulation  which  may  result  from  commencing  an 
operation  before  full  surgical  anaesthesia  has  become  established 
will  be  fully  discussed  elsewhere. 

Third  Degree  Or  Stage. — When  the  respiration  has  become 
regular  and  stei-torous,  the  cornea  insensitive  to  touch,  and  the 
extremities  flaccid,  the  patient  may  be  said  to  have  passed  into 
the  third  degree  of  anaesthesia,  and  to  be  ready  for  any  surgical 
operation. 

The  respiration  during  deep  etherisation  is,  with  the  rarest 
exceptions,  always  forcible  and  distinctly  audible.  Owing  to  the 
almost  invariable  presence  of  a  small  quantity  of  mucus  in  the 
fauces  and  larynx,  breathing  has  a  moist  character  in  addition  to 
its  usual  stertor.  A  little  tendency  to  spasm  of  the  masseters 
and  adjacent  muscles  may  remain  for  a  while  and  necessitate  the 
lower  jaw  being  pushed  forward  from  behind  by  the  administrator 
(see  Fig.  54,  p.  291).  Such  spasm,  however,  gradually  subsides. 
The  anaesthetist  must  bear  in  mind  that  unless  he  keeps  up  a 
nearly  continuous  administration  the  patient  will  quickly  pass 
back  into  the  preceding  stage,  and  irregularities  in  breathing 
will  thus  become  developed.  The  rate  of  respiration  is  always 
markedly  increased,  varying  considerably  in  different  cases,  and 
being  dependent  upon  numerous  circumstances,  foremost  amongst 
which  must  be  mentioned  the  degree  of  air-limitation  practised. 
Ether  stertor  is  most  commonly  due  to  the  base  of  the  tongue 
coming  in  contact  with  the  pharynx,  and  as  breathing  usually 
takes  place  through  the  nose  the  stertor  usually  has  a  nasal 
character.  Pushing  the  lower  jaw  forwards  from  behind  at  once 
diminishes  or  stops  the  snoring.  A  tendency  to  laryngeal  closure, 
either  from  too  strong  an  ether  vapour  or  from  operative  measures 
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upon  certain  parts  of  the  body  (p.  289),  is  not  uncommon,  In  it 
rarely  gives  rise  to  difficulty.  Sometimes  the  crowing  breathing 
will  persist  throughout.  When  dependent  upon  the  first-named 
cause  the  spasm  will  subside  with  less  of  the  anaesthetic ;  when 
occurring  during  rectal  or  other  opei^ations  upon  sensitive  parts 
more  of  the  anaesthetic  is  usually  indicated.  It  is  hardly  neces- 
sary to  add  that  the  amplitude,  regularity,  and  even  the  rate  of 
breathing  will  depend  upon  the  conformation  and  size  of  the 
upper  air-passages  in  addition  to  other  factors. 

The  circulation  of  the  etherised  patient  gives  numerous  clinical 
indications  of  its  remarkable  fulness  and  force.  The  heart's 
action  is  excited ;  the  pulse  full,  bounding,  and  regular  ;  the 
face  is  abnormally  flushed;  and  incised  parts,  more  especially  in 
the  neighbourhood  of  the  neck,  are  very  vascular.  The  pulse  is 
slower  than  it  was  during  the  second  stage,  but  quicker  than  the 
normal.  It  is  usually  from  80  to  100  or  110  per  minute,  though 
it  is  not  uncommon  to  find  its  rate  as  high  as  120  per  minute. 
The  rate  and  force  of  the  pulse  are  to  a  certain  extent  dependent 
upon  the  degree  to  which  atmospheric  air  is  excluded — too  gi'eat 
a  degree  of  air-limitation  lessening  the  force  and  increasing  the 
frequency  of  the  heart's  action.  A  roseolous  rash  sometimes 
makes  its  appearance  upon  the  chest,  neck,  and  other  parts,  when 
the  vascular  excitement  is  at  its  height.  Profuse  perspiration  is 
not  very  uncommon. 

The  pupils  of  deep  etherisation  deserve  special  mention,  as 
they  differ  from  the  chloroform  pupils  in  some  respects.    They  are 

usually  of  moderate  size  or  slightly  dilated,  i.e.,  from  Q  to 

(3I  to  4.4  mm.),  and  are  active  to  light.  The  causes  which  may 
influence  their  size  will  be  dealt  with  below  when  discussing  the 
depth  of  anaesthesia  necessary  for  surgical  operations  (p.  166). 
In  certain  cases  in  which  a  very  deep  anaesthesia  is  essential  the 
anaesthetic  may  have  to  be  administered  till  the  pupil  is  consider- 
ably dilated,  i.e.,  ^  to  ^)  (5  to  5}  mm.).     Kappeler  found 

from  observations  upon  150  cases  that  the  pupil  was  contracted 
in  37  during  deep  etherisation. 

The  position  of  the  eye- balls  during  deep  anaesthesia  is  similar 
to  that  observed  under  chloroform  (see  p.  207). 

The  degree  to  which  the  muscular  system  is  relaxed  will  de- 
pend not  only  upon  the  depth  of  etherisation  but  upon  the  nature 
of  the  operation  which  is  in  progress.  In  some  cases  a  minor 
degree  of  rigidity  may  persist  for  a  considerable  time.  In  several 
instances  I  have  had  occasion  to  believe  that  the  muscular  rigidity 
present  in  deep  anaesthesia  has  depended  upon  the  restriction  of 
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nir,  and  have  noticed  that  it  has  passed  away  with  an  increase  in 
the  quantity  of  air  admitted. 

It  is  hardly  necessary  to  point  out  that  the  colour  of  the  face 
and  lips  will,  during  this  as  during  other  stages,  greatly  depend 
upon  the  degree  to  which  air  is  withheld. 


C.  DANGERS  CONNECTED  WITH  THE 
ADMINISTRATION. 

General  Consideration. 

In  moderately  healthy  subjects  the  inhalation  of  ether  is,  like 
that  of  nitrous  oxide,  practically  unattended  by  risk  to  life.  The 
fatalities  which  have  been  reported  as  having  occurred  from  the 
use  of  ether  have  almost  invariably  taken  place  in  exhausted  or 
markedly  diseased  individuals. 

On  looking  through  the  Lancet  and  Brit.  Med.  Joum.  for  ten  years 
(1880  to  1889  inclusive)  I  find  27  fatalities  from  ether  recorded  as 
having  occurred  in  Great  Britain  during  that  period.  In  24  of 
these  the  patients  were  suffering  from  various  diseases  which  had 
seriously  impaired  their  general  health.  Of  the  three  remaining  fatalities, 
one  is  so  imperfectly  reported  as  to  he  useless  for  purposes  of  analysis  ; 
and  one  can  hardly  he  ascribed  to  the  anaesthetic,  seeing  that  death 
was  caused  by  vomited  matter  entering  the  trachea.  The  only  casualty 
which  occurred  from  the  direct  effects  of  ether  in  a  patient  whose 
general  health  was  probably,  though  not  certainly  good,  would  most 
likely  have  been  averted  by  tracheotomy.  The  following  analysis  of 
the  27  cases  may  be  of  interest : — 
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Table  showing  the  Ether  Fatalities  reported  in  the  Lancet  and  British 
Medical  Journal  as  having  occurred  in  Great  Britain  during  ten  years 
(18S0-18S9  inclusive). 


Condition  of  Patient  at  Time  of  Administration. 


Group  1. — Patients  suffering  from  some  pre-existing  morbid  stale 
capablt  of  impeding  respiration  during  anaesthesia 
Empyema— 2  cases  (  B,  M. ,/.,  March  13,  1S86,  p.  489  ;  B.  M. ./., 

April  22,  1882,  p.  5S9). 
Pleural  effusion,  ascites,  dilated  heart,  and  renal  disease — I 

case  (B.  M.  J.,  Aug.  20,  1881,  p.  327). 
Bronchitis,  emphyBema,  fatty  heart,  and  adherent  pericardium 

—  I  case  (L.)  Jan.  24,  18S5,  p.  178.  Also  reported  in  B.  M.  J., 

March  13,  1886,  p.  489). 
Cancer  of  lung,  liver,  and  upper  jaw — I  case  (L.,  Aug.  27, 

1881,  p.  386,  and  B.  M.  /.,  Feb.  25,  1882). 
Enlarged  thyroid— 2  cases  (/,.,  Nov.  15,  1884,  p.  891;.  and  B.  M. 

J.,  May  2,  1885,  p.  887  ;  B.  M.  J.,  March  15,  1884,  p.  508). 
Diphtheritic  laryngitis — I  case  (£.,  June  18,  18S1,  p.  1014). 
"Cancerous  growth  in  gums  and  throat" — I  case  (B.  M.  J., 

Feb.  23,  1884,  p.  378). 
Extensive  pleural  adhesion  and  cedeuia  of  lungs — 1  case  [B. 

M.  /.,  Dec.  18,  1880,  p.  1000). 


Group  2. — Patients  suffering  from  cancerous  or  other  affections 
producing  extreme  exhaustion  ..... 
Intestinal  obstruction — 3  cases  (L.,  Sept.  4,  1880,  p.  376  ; 

B.  M.  J.,  Jan.  15,  188 1,  p.  103). 
Uncomplicated  asthenia — I  case  ( B.  M.J.,  March  13, 1886,  p.  489). 
Feeble  patients  with  abdominal  tumours— 3  cases  [B.  M.  J., 

May  2,  1885,  p.  887  ;  B.  M.  J.,  July  15,  1882,  p.  103). 
Asthenia  with  morbus  cordis — 2  cases  (L.,  May  27,  1882,  p. 

892  ;  L.,  Dec.  3,  18S7,  p.  1132). 
Large  sarcoma  of  chest-wall,  feeble  patient — 1  case  (B.  M.  J., 

Jan.  1,  1881,  p.  14). 


Group  3. — Patients  suffering  from  renal  disease  and  morbus  cordis 
Vesico-vaginal  fistula  (a  coloured  woman) — 1  case  (L.,  April 

20,  1889,  p.  800). 
Extreme  obesity — 1  case  (B.  M.  J.,  Nov.  22,  1884,  p.  1027). 
Diffuse  cellulitis  of  palm  and  wrist — 1  case  {B.  M.  J.,  Sept.  3, 
1881,  p.  414). 


Group  4. — Patients  in  moderately  good  health  at  the  time  of  adminis- 
tration ......... 

Sudden  cessation  of  respiration  before  operation—  ?  cause — 

1  case  (L.,  Sept.  3,  1881,  p.  430). 
Vomited  matters  entered  larynx  and  trachea — 1  case  (B.  M.  J., 
Sept.  3,  1881,  p.  414). 

Group  5. — Exhausted  patient — ovarian  tumour — death  from  pul- 
monary congestion  seventeen  hours  after  operation  (B. 
M.  J.,  May  2,  18S5,  P-  8S7)  


Group  6. — Imperfectly  reported  {L.,  Dec.  6,  1884,  p.  1027) 
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Special  Considerations. 
1.  The  Administration  of  an  Over-dose  :  Fourth  Degree 

Or  Stag'e. — Generally  speaking,  we  may  say  that  so  long  as  the 
conjunctiva  remains  sensitive  any  symptoms  of  clanger  which  the 
patient  may  exhibit  will  depend  upon  other  causes  than  the 
administration  of  an  over-dose  of  the  anaesthetic.  The  phenomena 
we  are  about  to  discuss,  therefore,  are  phenomena  occurring  in 
association  with  an  insensitive  conjunctiva. 

Should  the  administration  of  ether  be  carried  too  far,  respira- 
tion will  commence  to  show  signs  of  failure.  With  this  indica- 
tion of  danger  the  conjunctiva  will,  as  just  mentioned,  be  found 
to  be  insensitive  to  touch  ;  the  pupil  more  or  less  dilated ;  the 
colour  dusky  rather  than  pale ;  the  eye-lids  slightly  separated  ; 
and  the  pulse,  although  still  remarkably  good  considering  the 
respiratory  depression,  somewhat  less  forcible,  and  possibly 
slower  than  it  was  previously. 

The  manner  in  which  respiratory  failure  occurs  will  vary  in 
different  cases.  In  the  majority  of  instances  the  breathing  loses 
its  stertor,  becomes  feebler  and  feebler,  and  then  altogether 
ceases.  In  some  instances,  prolonged,  difficult,  and  rather 
wheezy  expiration,  with  shallow  inspiration,  may  be  observed, 
and  may  indicate  a  dangerous  depth  of  narcosis.  In  others, 
again,  the  regular  and  deep  stertor  which  has  been  present  may 
be  succeeded  by  jerky,  intermittent,  and  gasping  breathing, 
during  which  the  respiratory  movements  may  abruptly  come  to 
a  standstill. 

An  obstructed  state  of  the  upper  air-passages,  although  pos- 
sibly occurring  in  some  cases  as  the  result  of  too  large  a  quantity 
of  the  anaesthetic,  is  probably  more  often  associated  with  a  light 
or  moderately  deep  anaesthesia.  It  is,  of  course,  quite  conceiv- 
able that  a  falling  together  or  spasm  of  the  arytaano-epiglottidean 
folds,  such  as  that  which  Sir  Joseph  Lister  has  described  as 
arising  under  chloroform,  may  result  from  toxic  doses  of  ether ; 
but  evidence  on  this  matter  is  still  needed  (see  p.  160). 

Similarly,  spasmodic  fixity  of  the  chest  is  probably  more 
frequently  associated  with  incomplete  than  with  dangerously 
deep  narcosis  (see  p.  160). 

The  all-important  point  concerning  respiratory  failure  in  mode- 
rately healthy  patients  under  ether  is  this  :  Hoiuever  such  failure 
may  arise,  the  circulation  of  the  patient  at  the  moment  when  breath- 
ing ceases  is  sufficiently  satisfactory  for  remedial  measures  to  be 
almost  invariably  successful.  In  other  words,  when  respiratory 
failure  occurs  from  the  administration  of  an  over-dose  of  ether 
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to  a  healthy  patient,  the  pulse  is  usually  still  beating  at  the  wrist. 
The  heart  is  not  likely  to  fail  unless  restorative  measures  are 
delayed  for  too  long  a  period.  The  more  or  less  simultaneous 
cessation  of  both  respiration  and  peripheral  circulation,  from  the 
too  rapid  administration  of  a  large  quantity  of  chloroform,  is 
unknown  with  ether  in  moderately  healthy  persons. 

2.  Respiratory  Failure  occurring-  independently  of 

an  Over-dose. — The  respiratory  embarrassment  which  occa- 
sionally occurs  in  connection  with  the  early  stages  of  etherisation 
rarely  gives  cause  for  any  anxiety.  It  usually  passes  away  spon- 
taneously as  deep  anaesthesia  becomes  established.  As  already 
mentioned  (p.  154),  masseteric  spasm,  swelling  of  the  tongue  and 
other  structures  within  the  mouth  and  nose,  half-performed  deglu- 
tition movements,  and  a  varying  degree  of  laryngeal  spasm  may 
one  and  all  arise  during  the  initial  stages  of  ether  administration, 
and  may  temporarily  interfere  with  breathing.  With  ordinary 
care  no  1  rouble  whatever  will  be  experienced;  for  respiration  will 
gradually  become  regular  and  unembarrassed.  But  should  the 
administration  be  improperly  and  carelessly  conducted,  breathing 
may,  in  certain  types  of  patients,  cease  for  a  considerable  period, 
and  remedial  measures  may  be  rendered  necessary.  Florid  mus- 
cular subjects,  with  accurately  meeting  teeth,  are  more  liable  than 
others  to  difficulties  in  breathing  of  this  nature.  The  treatment 
which  should  be  adopted  for  the  prevention  and  relief  of  arrested 
breathing  early  in  ether  anaesthesia  is  discussed  on  p.  290. 

Laryngeal  spasm  under  ether  rarely  if  ever  culminates  in 
actual  arrest  of  breathing.  Inspiration  may  become  of  higher 
and  higher  pitch  ;  less  and  less  air  may  enter  the  lungs ;  the 
colour  may  grow  more  and  more  dusky ;  but  the  respiration 
invariably  becomes  re-established  within  a  short  space  of  time. 
A  similar  condition  of  laryngeal  spasm  is  met  with  under  chloro- 
form ;  but  with  that  anaesthetic  the  tendency  for  breathing  to 
become  completely  obstructed  is  decidedly  greater  (see  p.  221). 
The  deeper  and  stronger  thoracic  and  diaphragmatic  movements 
under  ether  are  possibly  better  able  to  overcome  the  obstacle  pre- 
sented by  the  laryngeal  spasm  than  the  less  forcible  movements 
under  chloroform.  For  further  remarks  on  this  condition  see 
p.  289. 

In  rare  instances  it  has  happened  that  breathing  under  ether 
has  come  to  a  complete  standstill  from  spasm  of  the  respiratory 
muscles — the  chest  being  rigidly  fixed.  Some  regard  this  state 
as  resulting  from  a  too  free  use  of  the  anaesthetic ;  but  there  is 
good  ground  for  the  belief  that,  like  laryngeal  spasm,  it  most 
commonly  arises  quite  independently  of  the  administration  of  an 
over-dose.    Our  knowledge  upon  the  subject,  however,  is  imper- 
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feet.  Respiration  may  cease  with  alarming  abruptness,  and  the 
administrator  may  find  it  impossible  either  to  compress  or  expand 
the  chest  by  the  usual  methods  of  artificial  respiration.  This 
fixity  of  the  chest  has  been  met  with  under  chloroform  as  well 
as  under  ether  (see  p.  222).  The  only  case  in  which  I  have 
seen  the  condition  with  ether  was  a  very  remarkable  one.  The 
patient  was  a  man  of  69  years  of  age,  whose  usual  pulse-rate  was 
30  per  minute.  He  was  only  slightly  emphysematous,  and  not 
bronchitic  at  the  time.  Under  the  influence  of  ether  his  expi- 
ration was  rather  strained.  During  properly  established  anaes- 
thesia, breathing  suddenly  ceased  ;  and  though  there  wa?  no 
obstruction,  it  was  absolutely  impossible  to  move  the  chest- 
walls  one  way  or  the  other  by  artificial  means.  The  pupil  at  the 
time  was  moderately  contracted.  Fortunately,  breathing  spon- 
taneously re-appeared  after  about  half  or  three-quarters  of  fa 
minute.1  The  treatment  of  this  condition  is  fully  considered 
on  pp.  309  and  312. 

Just  as  there  is  a  slight  liability  to  temporarily  obstructed 
breathing  immediately  before  deep  anaesthesia  is  established,  so 
there  is  a  chance  of  its  occurrence  during  recovery,  i.e.,  at 
or  about  the  time  that  the  usual  clenching  of  the  teeth  and 
swallowing  which  precede  vomiting  are  prone  to  arise. 

Respiratory  embarrassment  from  these  causes  is  always  un- 
attended, unless,  indeed,  it  has  existed  for  a  considerable  period, 
by  symptoms  of  cardiac  depression. 

3.  Circulatory  Failure  occurring"  Independently  of  an 

Over-dose. — In  moderately  healthy  subjects  primary  circulatory 
failure  under  ether  is  extremely  rare.  It  may,  of  course,  arise 
as  the  result  of  profuse  haemorrhage  or  severe  surgical  shock ; 
but  it  cannot  under  these  circumstances  be  attributed  to  the 
anaesthetic.  Indeed,  the  administration  of  ether  tends  in  a 
great  measure  to  prevent  any  such  failure  of  the  circulation — 
probably  more  so  than  does  the  administration  of  chloroform. 
The  early  and  alarming  syncope  which  occasionally  arises  at  the 
very  outset  of  chloroformisation,  i.e.,  before  any  operation  has 
begun,  is  conspicuously  absent  when  ether  is  used.  The  same, 
too,  may  be  said  of  that  form  of  syncope  which  has  been  re- 
peatedly observed  during  the  stage  of  excitement  and  struggling 

1  Mr.  Holmes,  Dr.  Jacob,  and  others  have  recorded  somewhat  similar 
cases  under  ether.  In  two  cases  referred  to  in  the  Brit.  Med.  Journ.,  March 
15,  18S4,  p.  508,  and  May  2,  1885,  p.  887,  respiratory  failure  occurred  in 
patients  suffering  from  goitre,  and  although  tracheotomy  was  performed  and 
a  free  passage  to  the  lungs  opened  up,  the  chest-walls  were  so  fixed  that  they 
could  not  be  moved.  In  both  cases  a  fatal  termination  ensued.  It  is  highly 
probable  that  the  use  of  forced  artificial  respiration  (p.  309)  would  offer  the 
best  chances  in  such  cases  as  these. 
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under  chloroform.  It  is  an  interesting  and  highly  important 
fact  that  records  of  moderately  healthy  patients  succumbing 
with  cardiac  symptoms  during  the  induction  of  etherisation  are 
not  to  be  found.  Then  again,  when  employing  ether,  we  very 
rarely  meet  with  circulatory  depression  due  to  the  performance 
of  the  operation.  This  may  be  because  patients  under  ether  are, 
as  a  rule,  kept  more  deeply  anaesthetised  than  patients  under 
chloroform,  and  hence  are  more  protected  from  shock.  It  is 
probable,  however,  that  the  difference  is  chiefly  dependent  upon 
the  protection  which  the  ether  itself  affords.  But  that  such 
depression  may  arise  will  be  seen  by  Illustrative  Cases,  No.  35, 
p.  316  ;  No.  36,  p.  317  ;  and  No.  37,  p.  318. 

4.  The  Passage  of  Foreign  Bodies  (Blood,  Vomited 
Matters,  &c.)  into  the  Larynx  and  Trachea.—  For  remarks 

on  this  subject  the  reader  is  referred  to  Part  III.  Chap.  II. 
Sect.  L,  B.  p.  296. 

5.  Other  Dangers. — Cerebral  haemorrhage  has  been  known 
to  occur  during  etherisation,1  but  is  of  extreme  rarity.  Still,  we 
must  not  lose  sight  of  the  fact  that  persons  with  very  brittle 
arteries  run  a  greater  risk  of  this  accident  under  ether  than 
under  less  stimulating  anaesthetics  (see  p.  26). 

The  pulmonary  and  renal  complications  which  occasionally 
follow  the  use  of  ether  will  be  considered  below.  (G.  After- 
effects.) 

D.  THE  DEPTH  OF  ANAESTHESIA  NECESSARY  FOR 
SURGICAL  OPERATIONS. 

Having  fully  considered  the  various  stages  of  etherisation, 
and  the  dangers  which  may  arise,  we  are  now  in  a  position 
to  discuss  the  proper  level  of  anaesthesia  at  which  the  patient 
should  be  kept  during  the  performance  of  a  surgical  operation. 
As  a  general  rule  the  administrator  should  endeavour  to  keep 
the  etherised  patient  in  the  third  stage  of  ansssthesia.  A  light 
narcosis,  more  especially  in  the  earlier  part  of  the  administra- 
tion, is  liable  to  be  attended  not  only  by  movement,  but  by 
inconvenient  reflex  phenomena  such  as  spasm  of  the  masseters, 
closure  of  the  larynx,  coughing,  attempted  vomiting,  &c.  There 
is  in  each  case  a  particular  and  proper  level  of  anaesthesia ;  and, 
in  order  that  this  level  may  be  satisfactorily  maintained,  the 
administrator  must  repeatedly  consult  certain  guides  or  land- 
marks which  will  now  be  considered.  Although  this  level  can 
be  readily  found  and  demonstrated  in  any  given  patient  under- 

1  See  a  case  reported  in  Amer.  Journ.  Med.  Sciences,  1S88,  New  Ser.,  vol. 
95.  P-  83- 
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going  an  operation,  it  by  no  means  follows  that  an  anaesthesia 
attended  by  similar  symptoms  would  be  appropriate  in  an 
apparently  similar  case.  Nor  must  the  administrator  take  it 
for  granted  that,  because  he  has  discovered  the  proper  degree 
of  anaesthesia  at  which  to  keep  his  patient  in  the  early  part 
of  the  inhalation,  such  a  degree  should  be  maintained.  The 
tendency  to  inconvenient  reflex  phenomena  seems  to  lessen  as 
the  inhalation  proceeds ;  and  a  depth  of  anaesthesia  which  would 
have  been  out  of  the  question  at  the  beginning  of  an  operation 
may  usually  be  advantageously  permitted  later  on.  In  deciding 
at  what  place  or  point  we  should  keep  our  patient,  we  must  be 
guided  by  a  variety  of  considerations.  We  must  bear  in  mind 
that,  other  things  being  equal,  there  are  certain  operations  which 
demand  a  more  profound  anaesthesia  than  others.  In  the  nest 
place,  there  are  some  patients  whose  reflexes  are  so  highly 
developed  that  very  deep  etherisation  is  necessary  in  order  that 
good  surgical  anaesthesia  may  result.  Then  the  point  above 
mentioned  must  not  be  forgotten,  viz.,  that  after  the  operation 
has  been  in  progress  for  some  time,  and  more  especially  if  much 
blood  has  been  lost,  and  the  patient  is  showing  even  slight  signs 
of  exhaustion,  we  need  not  maintain  that  degree  of  narcosis 
which  was  proper  at  the  commencement  of  the  case.  Clinical 
evidence  goes  to  show  that,  although  a  light  anaesthesia  under 
ether  is  not  to  be,  for  many  reasons,  recommended,  there  is  not 
that  danger  in  it  that  exists  in  the  case  of  chloroform.  Although 
reflex  alterations  in  respiration,  from  the  commencement  or  con- 
tinuation of  an  operation  during  imperfect  anaesthesia  under 
ether  are  not  infrequent,  reflex  circulatory  depression,  similar 
to  that  which  may  arise  under  corresponding  circumstances  with 
chloroform,  is  very  rare.  When  the  administrator  has  secured 
in  his  patient  the  usual  signs  of  surgical  anaesthesia,  he  must 
narrowly  observe  whether  the  operation  has  any  influence  in 
modifying  these  signs.  By  the  performance  of  the  operation 
another  element,  capable  of  influencing  the  phenomena  of  nar- 
cosis, will  have  been  added.  Given  that  the  commencement  of 
the  operation  has  had  no  noticeable  influence  upon  the  symptoms 
of  the  patient,  the  administrator  has  to  keep  his  patient  as 
lightly  under  ether  as  is  compatible  with  perfect  tranquillity  and 
anaesthesia.  He  has  to  find  out  his  landmarks  in  the  particular 
case  before  him.  By  carefully  observing  the  effects  produced 
by  more  and  less  ether  upon — 
(a.)  The  respiration ; 

(f>.)  The  occurrence  of  swallowing-movements ; 
(c.)  The  lid-reflex  ;  and 
('-/.)  The  pupils; 
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he  will  have  but  little  difficulty  in  deciding  upon  the  precise 
place  or  level  at  which  anaesthesia  should  be  maintained.  Having 
once  established  surgical  anaesthesia  he  will  lincl  that  he  is  able 
to  work  in  one  case  almost  entirely  by  the  respiration  ;  in  another 
by  the  occurrence  of  swallowing-movements ;  in  another  by  the 
lid-reflex;  in  another  by  the  pupil;  and  that  a  few  exceptional 
cases  will  remain  in  which  he  will  have  to  draw  his  inferences 
from  all  these  or  possibly  from  other  signs.  As  much  of  the 
success  of  the  administration  will  depend  upon  a  correct  under- 
standing of  the  changes  winch  may  from  time  to  time  occur  in 
the  signs  above  indicated,  it  may  be  well  to  consider  these  more 
in  detail. 

(«.)  Of  all  the  guides  as  to  the  depth  of  anaesthesia  respiration 
is  by  far  the  most  trustworthy.  In  four  cases  out  of  live  the 
administrator  will  find  that  by  observing  the  changes  produced 
by  more  and  less  ether  in  the  rate,  depth,  and  audibility  of  the 
breathing  he  can  easily  maintain  a  proper  degree  of  narcosis. 
When  once  surgical  anaesthesia  has  become  established  the  con- 
tinued administration  of  ether  will  increase  the  rate,  depth,  and 
stertor  of  respiration,  whilst  the  temporary  withdrawal  of  the 
anaesthetic  will  be  found  to  have  an  exactly  opposite  effect.  In 
this  manner  it  is  often  possible  to  work  entirely  by  the  sound  of 
the  respiration,  giving  more  ether  when  the  breathing  tends  to 
become  less  audible,  and  vice  versu.  A  puffing  of  the  lips  with 
expiration  is  common  in  deep  etherisation.  In  those  cases  in 
which  it  occurs  it  constitutes  a  good  guide  as  to  the  degree  of 
anaesthesia,  becoming  more  marked  as  more  of  the  anaesthetic  is 
given,  and  less  marked,  or  actually  disappearing,  as  the  patient 
tends  to  emerge  from  profound  narcosis.  In  some  patients  under 
ether  there  is  an  undoubted  tendency  towards  slightly  obstructed 
breathing,  more  especially  when  the  anaesthesia  is  not  as  deep  as 
it  should  be.  This  tendency,  which  is  thoroughly  discussed  on 
p.  154,  must  always  be  borne  in  mind.  It  is  not  a  dangerous 
tendency,  because  by  simply  keeping  the  lower  jaw  pressed  for- 
wards from  behind  it  disappears.  It  is  most  pronounced  in 
muscular  and  vigorous  subjects. 

In  certain  operations,  more  especially  rectal,  abdominal, 
urethral,  &c.  (see  p.  289),  a  reflex  laryngeal  respiratory  crowing 
is  common,  becoming  more  marked  as  the  anaesthetic  is  given  in 
smaller  quantities,  and  less  marked  with  a  more  profound  degree 
of  narcosis.  This  crowing  respiration  may,  of  course,  have  a 
totally  different  cause,  i.e.,  it  may  be  due  to  too  strong  an  ether 
vapour. 

In  many  cases,  and  more  especially  in  operations  upon  com- 
paratively insensitive  parts,  and  in  protracted  administrations, 
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the  respiration  need  not  be  kept  as  deep  and  stertorous  as  is 
generally  desirable. 

Sometimes  an  expiratory  moaning  sound  is  made,  and  may 
constitute,  by  its  alternate  absence  and  presence,  in  response  to 
move  or  less  etber,  a  valuable  guide  to  tbe  administrator. 

(b.)  Given  tbat  the  breathing  has  by  a  free  use  of  ether  been 
made  deep,  regular,  and  stertorous,  a  temporary  withdrawal  of 
the  anaesthetic  will  not  only  be  followed  by  more  tranquil  respira- 
tion, but  very  often  a  tendency  to  swallowing,  or  even  coughing 
will  result,  and  so  respiratory  rhythm  will  become  interfered  with. 
The  act  of  swallowing,  easily  recognised  by  allowing  the  fingers 
to  rest  over  the  larynx,  is  sometimes  the  first  indication  that  the 
patient  is  emerging  from  deep  anaesthesia,  and  when  it  occurs  the 
administrator  should  at  once  give  a  little  more  ether  if  he  wishes 
to  avoid  the  coughing,  straining,  and  vomiting  which  may  follow. 

(c.)  The  lid-reflex,  i.e.,  the  closure  of  the  eye-lid  when  the  con- 
junctiva or  cornea  is  touched  by  the  finger,  although  regarded  by 
many  as  an  untrustworthy  guide,  is  in  my  own  experience  a  most 
valuable  indication  of  the  depth  of  anaesthesia.  In  order  that  it 
may  be  properly  made  use  of,  the  administrator  must  remember 
three  facts.  In  the  first  place,  it  very  commonly  happens  that, 
although  no  lid-reflex  can  be  elicited  by  touching  the  margin  of 
the  lids  or  the  conjunctiva  covering  the  sclerotic,  a  brisk  closure 
will  follow  the  application  of  the  finger  to  the  cornea.  In  the 
next  place,  the  conjunctiva,  by  being  repeatedly  touched,  loses  its 
sensibility.  And  lastly,  there  are  degrees  of  this  reflex,  so  that 
the  patient  may  require  to  be  kept  at  a  stage  of  anaesthesia 
bounded  on  the  one  side  by  considerable  and  on  the  other  by 
very  slight  lid-reflex.  It  is  sometimes  easier  to  feel  than  to  see 
a  minor  degree  of  lid-closure  in  response  to  touch.  Moreover, 
when  from  having  frequently  touched  the  conjunctiva  of  one  eye 
its  sensibility  has  become  diminished,  the  other  eye  may  be  tested. 
It  is  a  good  plan,  indeed,  to  keep  one  conjunctiva,  as  it  were,  in 
reserve.  Whether  or  no  the  administrator  should  allow  the  lid- 
reflex  to  be  present  must  depend  upon  the  behaviour  of  the 
patient  when  he  is  permitted  to  display  a  slight  degree  of  this 
reflex.  Generally  speaking,  an  occasional  glimpse  of  the  lid- 
reflex  is  to  be  recommended,  save,  perhaps,  during  operations  upon 
very  sensitive  parts,  and  in  patients  whose  reflexes  are  highly 
developed.  In  anaemic  and  weakly  subjects,  and  in  long  opera- 
tions, lid-reflex  may  usually  be  permitted,  and  will  be  found  to  be 
perfectly  compatible  with  satisfactory  anaesthesia.1 

1  The  presence  or  absence  of  lid-reflex  seems  to  be  not  only  dependent  upon 
the  degree  of  anaesthesia,  but  upon  the  nature  of  the  operation  which  is  in 
progress  (see  p.  239). 
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('/.)  If  carefully  watched  and  studied  the  pupils  will,  in  most 
cases,  afford  valuable  information  to  the  anaesthetist.  As  the 
third  stage  of  anaesthesia  becomes  fully  established  they  lose  the 
mobility  which  they  displayed  in  the  first  and  second  stages,  and 
gradually  settle  down,  so  to  speak,  to  a  particular  size  for  the 
particular  case.  The  anaesthetist  should  pay  no  attention  what- 
ever to  the  pupil  till  other  signs  have  testified  to  the  presence  of 
surgical  anaesthesia.  He  should  then  notice  whether  any  reflex 
dilatation  takes  place  when  the  operation  is  commenced.  Should 
the  patient  be  very  deeply  under  the  anaesthetic  no  such  dilata- 
tion, or  very  little,  will  as  a  rule  result.  Should  such  dilatation 
have  taken  place,  it  will  usually  gradually  subside,  but  it  may 
persist.  The  pupil  will  be  of  little  service  as  a  guide  until  after 
about  a  quarter  of  an  hour  from  the  beginning  of  the  administra- 
tion.  The  anaesthetist  may  now  watch  its  behaviour  with  more  and 
less  of  the  anaesthetic,  and  he  will  usually  have  but  little  difficulty 
in  deciding  what  size  of  pupil  indicates  proper  anaesthesia  in  the 
case  before  him.  We  have  already  seen  that  the  average  pupil 
of  deep  etherisation  is  one  of  moderate  size,  £  to  ^*  (  =  3-  to 

4^  mm.);  but  in  some  patients  a  smaller,  and  in  others  a  larger 
may  be  seen  during  satisfactory  narcosis.  The  anaesthetist  will 
usually  observe  that  if  he  gives  less  ether,  the  proper  pupil  of 
the  particular  case  will  get  smaller ;  if  he  increases  the  depth  of 
etherisation  it  will  grow  larger.  He  will  thus  be  able  to  avoid  on 
the  one  hand  too  light,  and  on  the  other  too  deep,  a  narcosis.  He 
will  see,  for  example,  that  if  he  allows  a  pupil  of  ^  (^4  mm.) 

to  come  down  to  0  or  §  (=2  or  2§  mm.),  the  patient  will 
commence  to  swallow,  strain,  or  show  indications  of  cough.  But 
the  pupil  does  not  always  diminish  in  size  in  response  to  less  ether, 
and  increase  in  size  in  response  to  more.  The  matter  is  compli- 
cated by  the  frequent  tendency  of  the  pupil  to  grow  large  from 
reflex  irritation  caused  by  surgical  or  other  procedures.  This 
tendency  is  more  marked  when  a  light  anaesthesia  is  maintained. 
Now,  should  this  tendency  to  reflex  dilatation  be  present,  we  can 
readily  understand  that  it  would  be  checked,  in  other  words,  the 
pupil  would  grow  smaller  by  more  of  the  anaesthetic.  Neurotic 
and  anaemic  subjects,  as  well  as  children,  not  infrequently  exhibit 
a  great  susceptibility  to  reflex  dilatation  of  the  pupil  throughout. 
In  old  people,  on  the  contrary,  and  in  those  whose  reflexes  are  not 
so  highly  developed,  the  pupil  is  less  likely  to  fluctuate  in  size, 
and  is  usually  smaller.  Moreover,  operations  in  the  neighbour- 
hood of  sympathetic  nerves  are  particularly  prone  to  induce  dilata- 
tion. This  reflex  enlargement  of  the  pupil  may  be  distinguished 
from  what  we  may  call  the  true  ether  dilatation  by  observing 
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the  effects  of  more,  and  less  of  the  anaesthetic  upon  it.  Suppose, 
for  example,  that  the  patient  is  undergoing  an  operation,  and 

that  his  pupils  are  ^  (  =  5  mm.).    The  question  will  arise :  Are 

these  pupils  of  reflex  origin,  or  are  they  due  to  a  deep  anaes- 
thesia ?  The  problem  may  perhaps  be  solved  by  consulting  the 
lid-reflex  and  other  guides ;  but  it  may  be  more  certainly  settled 
by  observing  whether  the  pupil  grows  smaller  or  larger  with  less 
ether.  If  it  becomes  smaller  with  less  ether  the  previous  dila- 
tation was  probably  due  to  a  very  profound  anaesthesia ;  if  it 
becomes  larger  with  less  ether  the  previous  dilatation  was  pro- 
bably of  reflex  origin.  These  considerations  explain  the  apparent 
anomaly  of  an  increased  quantity  of  ether  producing  in  one  case 
a  larger  and  in  another  a  smaller  pupil.  An  increase  of  ether 
will  cause  an  ether  pupil  to  enlarge,  and  a  reflex  pupil  to  become 
smaller.    Carrying  the  matter  one  step  further  the  reader  will  see 

that,  supposing  the  patient  to  possess  a  pupil  of  (  =  5  mm.), 
and  the  dilatation  to  be  of  reflex  origin,  more  ether  will  first  of 
all  bring  the  pupil  down  to  say  ^  (  =  3!  mm.),  and  then,  should 
the  administration  be  continued,  will  cause  the  pupil  to  again 
dilate  to  (  =  5  mm.),  but  this  last  dilatation  will  be  the  dila- 
tation of  very  profound  anaesthesia.  The  progressive  diminution 
in  the  size  of  the  pupil,  which  may  often  be  observed  in  a  long 
opei^ation,  is  probably  due  to  the  progressively  lighter  narcosis 
and  the  more  liberal  supply  of  air  which  are  found  to  be  per- 
missible. Finally,  we  must  bear  in  mind  the  fact,  when  con- 
sidering the  pupil  under  ether,  that  any  marked  deprivation  of 
oxygen  will  tend  to  effect  an  additional  increase  in  size.  The 
pupil  becomes  of  great  value  as  a  guide  when  other  indications 
as  to  the  depth  of  anaesthesia  cannot  be  readily  obtained.  In 
administering  an  anaesthetic  one  is  sometimes  in  doubt  as  to 
the  precise  depth  of  anaesthesia  at  the  moment,  and  under  these 
circumstances  the  pupil  will  usually  be  of  considerable  service. 
To  rely  upon  it  altogether  would  be  wrong  :  it  is  principally  of 
use  as  a  corroborative  landmark. 


A  word  may  be  said  as  to  the  proper  depth  of  ether  anaesthesia 
in  infants.  As  already  mentioned,  infants  take  ether  well  if  care 
be  exercised.  The  administration  should  be  slowly  conducted, 
plenty  of  air  given,  and  a  diluted  vapour  employed.    The  lid- 
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reflex  cannot  be  depended  upon ;  it  is  usually  lost  very  early. 
Regular  and  noisy  breathing  is  one  of  the  best  indications  as  to 
readiness  for  operation  ;  but  absence  of  rigidity  (more  especially 
during  any  surgical  interference)  is  also  of  great  value  as  a  guide. 
Any  tendency  towards  tonic  spasm  of  the  fingers  or  arms  should 
be  met  by  more  ether.  Fixity  of  the  globes  is  usually  present  : 
should  the  eyes  roll  about  and  the  lids  be  open  anaesthesia  is 
imperfect,  even  though  respiration  is  deep  and  regular.  Very 
high-pitched  stridulous  breathing  usually,  though  not  invariably, 
indicates  rather  too  light  an  anaesthesia.  (See  Illustrative  Case, 
No.  10,  p.  174.) 

E.  AFTER-EFFECTS. 

Should  the  administrator  have  carefully  observed  the  phenomena 
displayed  by  his  patient  during  deep  anaesthesia,  and  have  noted 
the  changes  in  the  respiration,  lid-reflex,  pupils,  and  other  signs 
from  time  to  time  when  less  of  the  anaesthetic  has  been  given,  he 
will  be  in  a  position  to  foretell  the  order  in  which  the  symptoms 
of  returning  consciousness  will  manifest  themselves.  As  a  general 
rule  distinct  signs  of  recovery  should  be  evinced  soon  after  the 
withdrawal  of  the  anaesthetic.  Should  the  patient  be  left  undis- 
turbed his  respiration  will  become  more  tranquil,  his  pupils  pro- 
gressively smaller,  his  lid-reflex  active,  and  a  tendency  to 
swallowing  or  possibly  to  slight  coughing  will  be  noticed.  Re- 
covery will  take  place  more  speedily  and  satisfactorily,  as 
pointed  out  (p.  328),  when  the  patient  is  turned  over  upon  his 
side.  Ether  is  often  given  in  unnecessarily  large  quantities,  the 
patient  being  saturated,  as  it  were,  with  the  drug.  A  prolonged 
stupor,  unattended  by  cough,  and  characterised  by  slight  duski- 
ness and  deterioration  of  pulse,  may  follow  this  injudicious  and 
excessive  use  of  ether.  A  minor  degree  of  duskiness  after  this 
anaesthetic  is  not  uncommon,  and  appears  to  be  connected  with 
the  presence  of  mucus  in  the  air-passages,  and  with  the  quieter 
breathing  following  the  withdrawal  of  ether.  Directly  coughing 
or  retching  occurs  the  patient's  normal  colour  becomes  restored. 

The  nausea,  retching,  and  vomiting  which  often  ensue  are 
worthy  of  special  remark.  There  is  little  doubt  that  distressing 
after-effects  from  ether  are  most  frequently  connected  with  too 
recent  a  meal.  (See  "Preparations  for  the  Administration," 
p.  74.)  It  is  true  that  some  patients  are  invariably  greatly 
upset  by  ether,  however  carefully  the  diet  may  have  been  regu- 
lated. But  a  great  deal  may  be  done  to  avoid  subsequent  nausea 
and  malaise  by  properly  preparing  the  patient.  Moreover,  in 
nay  experience  at  least,  ether-vomiting  is  less  likely  to  be  induced 
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by  administering  the  purest  ether  than  by  employing  ether  pre- 
pared from  methylated  spirit  (p.  7).  Taking  one  case  with 
another,  transient  retching  with  the  expulsion  of  a  small  quan- 
tity of  colourless  or  yellowish  fluid  is  the  rule  rather  than 
the  exception.  This  so-called  '  vomiting '  after  ether  is  almost 
characteristic  of  the  use  of  the  drug.  It  comes  on  suddenly,  is 
violent  for  the  moment,  and  rapidly  subsides,  leaving  the  patient 
either  dazed,  half-conscious,  and  looking  about  him,  or  still  un- 
conscious and  in  a  quiet  sleep.  A  short  admin istration  is  followed 
by  a  quick  recovery,  and  vice  versd.  As  a  general  rule  ether- 
vomiting  takes  place  and  is  passed  over  whilst  the  patient  is 
unconscious,  and  it  is  exceptional  fpr  any  recurrence  to  take 
place.  It  thus  frequently  happens  that  the  patient  is  quite 
unaware  of  having  vomited  at  all.  In  some  cases,  however,  the 
vomiting  of  mucus  and  biliary  fluids  is  repeated;  but  it  is  rare 
to  meet  with  the  distressing  and  often  intractable  sickness  which 
occasionally  follows  the  exhibition  of  chloroform.  Moreover,  the 
transient  ether-vomiting  is  rarely  if  ever  associated  with  that 
degree  of  pallor  and  pulse  failure  which  are  sometimes  observed 
under  similar  conditions  after  chloroform.  Imperfect  anaesthesia, 
attended  by  much  swallowing,  is  possibly  more  likely  to  be  followed 
by  protracted  nausea  than  a  deeper  narcosis ;  although  it  must 
be  confessed  that  cases  occur  in  which  unusually  severe  after- 
effects follow  the  proper  and  free  use  of  the  anaesthetic  in  patients 
whose  diets  have  been  carefully  regulated  beforehand.  Looked 
at  from  all  points  of  view  we  may  say  that  the  so-called  '  vomit- 
ing '  which  follows  the  use  of  ether,  although  common,  is  hardly 
of  sufficient  importance  to  deserve  the  name  ;  and  that,  putting 
exceptional  easels  aside,  it  rarely  causes  inconvenience  to  the 
patient  or  anxiety  to  the  surgeon.1 

1  Clover  met  with  vomiting  once  in  every  7  or  8  cases,  but  it  is  probable 
that  minor  cases  of  nausea  are  not  included.  Dr.  Julliard  (op.  cit.)  observed 
it  in  314  out  of  3654  ether  administrations  (  =  1  in  11  or  12).  He  does  not 
state,  however,  whether  he  includes  cases  of  transient  ether  nausea.  Probably 
he  does  not.  Dr.  E.  H.  Jacob,  of  Leeds  (Lancet,  Oct.  II,  1879,  p.  539), 
recorded  1200  cases  in  which  he  used  ether.  He  states  that  in  no  case  was 
there  severe  vomiting.  One  patient  in  every  five  vomited  before  leaving 
the  theatre,  and  a  few  others  vomited  afterwards.  Mr.  W.  Rigden  (Lancet, 
Oct.  31,  1874,  p.  620)  took  notes  of  a  considerable  number  of  ether  adminis- 
trations, and  met  with  vomiting  in  50  per  cent,  of  the  cases,  but  in  35  per 
cent,  it  was  very  slight.  It  was  noted  as  considerable  in  15  per  cent.  He 
found  that  vomiting  after  ether  lasted  a  shorter  time  than  that  after  chloro- 
form. Mr.  A.  Fausset  (Lancet,  June  18,  1892,  p.  1386)  found  that,  putting 
aside  abdominal  sections,  47  out  of  68  ( =  two-thirds)  of  the  etherised  patients 
at  the  Chelsea  Hospital  for  Women  vomited  after  the  operation.  In  21  cases 
(=  one-third)  no  vomiting  occurred.  In  21  abdominal  sections  18  vomited 
after  ether.  But  it  does  not  appear  that  pure  cthylic  ether  was  used  for  the 
administrations. 
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With  regard  to  the  occurrence  of  affections  of  the  air-passages 
(bronchitis,  pulmonary  oedema,  and  pneumonia),  after  the  use  of 
ether,  there  has  undoubtedly  been  gross  exaggeration.  In  many 
of  the  cases  in  which  these  sequelae  have  arisen,  it  is  probable 
that  other  causes,  such  as  prolonged  exposure  upon  the  operating- 
table,  the  presence  of  commencing  or  undiscovered  catarrh  before 
the  administration,  or  incautious  ventilation  afterwards,  were 
responsible.  When  ether  is  properly  administered  to  appropriate 
cases  the  danger  of  such  after-effects  is  infinitesimal. 

During  the  last  ten  years  I  have  only  met  with  two  cases  in  which 
any  definite  bronchial  irritation  followed  the  use  of  ether.  In  one  of 
these  the  patient  had  a  cough  before  the  operation,  but  her  chest  was 
unfortunately  not  examined.  In  the  other  the  patient  had  had  bron- 
chitis a  few  months  previously,  and  on  the  morning  of  the  operation 
was  seized  with  pain  in  her  side,  for  winch  she  was  stethoscopically 
examined  by  a  well-known  physician  with  a  negative  result.  Ether 
was  administered,  but  she  did  not  take  it  as  well  as  could  be  wished. 
As  she  was  kept  under  opium  for  a  couple  of  days  after  the  operation 
(oophorectomy)  she  did  not  cough,  though  she  complained  of  some 
difficulty  in  breathing.  Immediately  the  sedative  was  discontinued 
she  commenced  coughing,  and  for  a  couple  of  days  expectorated  freely 
from  her  larger  tubes.  At  the  end  of  this  time  the  symptoms 
subsided.1 

Albuminuria,  nephritis,  and  uraemia  have  been  known  to 
follow  the  use  of  ether.  In  the  cases  in  which  these  sequela? 
have  been  observed,  however,  previous  renal  disease  would  seem 
to  have  been  present.  There  can  be  no  doubt  that  the  dangers 
of  such  complications  have  been  greatly  exaggerated,  and  that 
in  moderately  healthy  subjects,  at  all  events,  we  may  disregard 
their  possibility.2 

1  Of  the  twenty-seven  ether  fatalities  alluded  to  on  page  158  one  only  is 
ascribed  to  this  complication. 

Of  Dr.  E.  H.  Jacob's  1200  cases  he  states  that  three  subsequently  suffered 
from  slight  bronchial  irritation,  and  of  these  one  had  had  bronchitis  before. 
Dr.  Saundby  {Lancet,  vol.  ii.  1S80,  p.  810)  records  a  death  from  acute  pul- 
monary oedema,  which,  as  it  came  on  after  ether,  is  said  to  have  been  caused 
by  it. 

2  Roux  (see  Julliard,  op.  ext.,  p.  37)  has  studied  the  action  of  ether  upon  the 
kidney,  and  has  only  met  with  after-albuminuria  four  times  in  119  cases  ;  and 
in  all  these  previous  albuminuria  existed.  Dastre  (Les  Anesthesia ucs,  Paris, 
1890)  also  agrees  with  the  infrequency  of  these  sequela?.  Fueter  (Klinische 
und  Expcrinientellc  Beobachtungen  ilber  die  Aethemarkose,  p.  2S)  has  found  in 
his  experiments  with  ether  that,  even  in  prolonged  administrations,  no  albumi- 
nuria or  any  other  allied  symptom  resulted.  Patein  (These  de  Paris,  1888), 
indeed,  has  found  passing  albuminuria  once  in  every  three  cases  after  chloro- 
form. Dr.  Buxton  (Brit.  Med.  Journ.,  Nov.  21,  1891,  p.  1091)  also  agrees 
that  the  danger  of  nephritic  complications  from  ether  has  been  much  over- 
estimated, and  states  that  he  has  administered  this  anresthetic  in  a  large 
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Transient  mental  and  muscular  excitement  may  arise  after 
ether ;  such  a  condition  is  most  common  in  hysterical,  neurotic, 
and  alcoholic  subjects,  who  have  been  but  a  short  time  under 
the  ana:sthethic.  Temporary  dementia,  which,  however,  was 
followed  by  complete  recovery,  has  been  recorded.1  Choreiform 
movements,  in  one  case  lasting  as  long  as  three  weeks,  have 
also  been  reported  as  having  occurred  after  the  inhalation.'2 
Hemiplegia,  the  result  of  cerebral  haemorrhage,  has,  in  very  rare 
cases,  followed  the  use  of  this  anaesthetic. 

Lastly,  jaundice  is  stated  to  have  been  produced  by  the 
administration  of  ether.3 

F.  RECTAL  ETHERISATION. 

Rectal  etherisation  seems  to  have  been  first  suggested  by  Roux 
in  1847; 4  and  Pirogoff  practised  it  upon  the  human  subject  in 
the  same  year.  The  chief  object  in  view  was  to  facilitate  the 
performance  of  operations  within  and  about  the  mouth,  nose, 
and  pharynx.  Liquid  ether,  sometimes  mixed  with  water,  was  at 
first  used  ;  but  it  was  soon  found  that  more  satisfactory  results 
followed  the  employment  of  ether  vapour.  Within  more  recent 
times  the  practice  has  been  revived  by  Axel  Yversen  and  Molliere. 
The  latter  has  given  the  method  a  fairly  extensive  trial,5  and 
speaks  well  of  it.  He  first  tried  Richardson's  hand-bellows  for 
introducing  the  ether  vapour,  but  afterwards,  in  five  cases,  used 
an  india-rubber  tube  which  was  connected  with  a  bottle  of 
ether  immersed  in  water  at  122°  F.  The  ether  vapour  was 
allowed  to  gradually  enter  the  rectum.  As  a  rule,  not  more  than 
2  ozs.  of  ether  was  used.  After  5  to  10  minutes  a  taste  of  ether 
was  experienced  by  the  patient,  and  drowsiness  was  felt.  The 
rectal  administration  was  supplemented  by  inhalation  if  necessary. 
Excitement  was  rarely  met  with.  In  the  same  year  Dr.  Weir  8 
published  a  case  in  which  rectal  etherisation  proved  fatal.  The 
patient  was  a  child  of  eight  months ;  the  operation  was  for  hare- 
lip.   Less  than  2  ozs.  of  ether  was  used.    Depression,  followed 

number  of  cases  in  which  renal  disease  has  pre-existed,  and  in  many  operations 
upon  the  kidneys  themselves.  For  further  information  see  also  'Artificial 
Anaesthesia,'  by  Dr.  L.  Turubull,  p.  252;  'Annals  of  Surgery,'  vol.  vi.  p. 
327  ;  New  Orleans  Med.  and  Surg.  Joum.,  Aug.  18,  1887  ;  and  Brit.  Med. 
Journ.,  June  2,  1883,  p.  1082. 

1  See  Dr.  Savage's  paper  :  Brit.  Med.  Journ.,  Dec.  3,  1887,  p.  1 199.] 

2  See  Dr.  Jacob  :  Lancet,  Oct.  16,  1879,  P-  539- 

3  See  Murchison  :  'Diseases  of  the  Liver,'  2nd  edition,  p.  407. 

4  Journal  de  V Academic  des  Sciences,  1847,  p.  146. 

5  Lyon  Medical,  April  28,  18S4. 

6  New  York  Med.  Record,  May  3,  i8S.j. 
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by  melsena,  supervened,  and  the  child  died  next  morning.  Dr. 
W.  T.  Bull1  also  published  seventeen  cases.  Mekena  occurred 
in  seven  of  those.  Numerous  other  trials  of  the  method  have 
been  recorded.-  In  some  of  these  profound  and  prolonged  stupor 
with  cyanosis,  contracted  pupils,  and  asphyxial  symptoms  have 
occurred.  Quite  recently  Dr.  Buxton  has  employed  rectal  etherisa- 
tion for  certain  cases,  and  finds  it  "to  answer  admirably  for 
operations  about  the  mouth,  nose,  and  post-buccal  cavities,  for 
intra  and  extra,  laryngeal  operations,  for  staphyloraphy,  and  for 
operations  for  the  relief  of  empyema."  :;  lie  lias  also  used  the 
method  for  operations  upon  the  tongue  and  jaws  with  success, 
and  states  that  the  plan  gives  greater  facilities  and  freedom  to 
the  operator  than  any  other  with  which  he  is  acquainted.  He 
employs  an  apparatus  similar  to  that  of  Molliere,  and  finds  that 
a  temperature  of  1200  F.  (for  the  water  round  the  ether  bottle) 
answers  well.  Further  experience  with  the  method  is,  however, 
necessary.  If  the  risk  of  diarrhoea,  melsena,  and  after-stupor 
could  in  any  way  be  greatly  reduced,  rectal  etherisation  would 
be  strongly  indicated  in  certain  cases.  It  would  doubtless 
prove  of  great  value  not  only  for  many  mouth,  nose,  and  jaw 
operations,  but  for  operations  upon  patients  suffering  from 
obstructed  or  embarrassed  breathing.  As  already  pointed  out 
(p.  23),  these  latter  patients  are  particularly  bad  subjects  for 
anaesthetics,  at  all  events  when  administered  by  the  air-passages. 
But  as  matters  stand,  rectal  etherisation  has  too  many  objec- 
tions attached  to  it  to  warrant  us  in  employing  it  save  in  very 
exceptional  cases. 

Gr.  ILLUSTRATIVE  CASES. 

In  the  three  following  cases,  which  I  have  selected  from  my 
note-books,  as  illustrating  various  points  to  which  reference  has 
been  made,  the  '  close '  method  of  etherisation  was  adopted. 

Illustrative  Case,  No.  5.—  F.,  set.  63.  Looks  about  52.  Grey  hair. 
Not  nervous.  Good  chest  expansion.  Regular  heart  sounds.  Pulse 
not  markedly  accelerated.  Average  build — neither  thin  nor  stout. 
Operation,  dilatation  of  cervix  uteri,  &c.  Duration  40  min.  Adminis- 
tration commenced  9.35  a.m.  Gas  and  ether  given  by  Mr.  Braine's 
method  (p.  180).  '  Pure  methylated  ether'  used.  Operation  begun  at 
9.40.  At  9.44  respiration  41  per  minute,  pulse  70,  of  good  volume, 
pupils  #  (=2  mm.).  At  10  a.m.  (more  deeply  anaesthetised)  pupils 
0  (=2|  mm.),  pulse  80,  practically  no  conjunctival  reflex.  Respira- 
tion deep  and  stertorous  throughout.    Had  to  keep  lower  jaw  pressed 

1  Ncio  York  Med.  Record,  May  3,  1884. 

2  See  Med.  Times  and  Gaz.,  June  7,  1884  (quoted  in  Practitioner,  vol. 
xxxiii.  p.  58)  ;  also  Brit.  Med.  Journ.,  Oct.  3,  1885,  p.  659. 

3  Op.  cit.,  p.  86. 
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•well  forwards.  No  reflex  movement  or  crowing  breathing  during  opera- 
tion. Gradually  the  pupils  grew  smaller,  %  or  %  (=  \\  or  2  mm.). 
More  ether  made  pupils  £  (=  3  mm.).  Less  ether  brought  them  back 
again  to  smaller  size.  They  were  never  larger  than  ®  (=3  mm.). 
After  anaesthetic  withdrawn  cough  occurred  and  retching  movements. 
Pulse  became  fuller  than  it  had  been,  and  80  per  min.  Vomiting 
continued  for  three  hours,  and  was  relieved  by  1 5  gr.  of  bicarbonate  of 
soda  in  hot  water. 

Illustrative  Case,  No.  6. — Same  patient  as  above.  Has  been  in 
bed  since  last  operation,  six  weeks  ago.  General  condition  good. 
Operation  2.30  p.m.  Eemoval  of  uterus  per  vaginam.  Administration 
lasted  1  hour  50  minutes.  Gas  and  ether  as  before,  but  with  pure 
ethylic  ether  instead  of  '  pure  methylated  ether.'  Took  gas  and  ether 
well.  At  2.45  (5-  hour  after  commencement  of  inhalation)  conjunctival 
reflex  just  present,  and  pupils  #  (=  2  mm.).  Snoring  breathing  due 
to  tongue.  Very  little  mucus.  At  3  p.m.  I  found  patient  did  well  with 
a  moderately  deep  anaesthesia,  i.e.,  loud  snoring  breathing  and  distinct 
lid-reflex.  At  3.30  lid-reflex  present,  good  respiration  and  pulse,  pupils 
0  {=7.\  mm.).  Stertor  now  only  present  when  lower  jaw  pressed 
backwards.  Pulse  90.  3.31.  Uterus  removed.  3.40.  Brisk  lid-reflex, 
pupils  #  to  £  (=2  to  3A  mm.),  quieter  breathing,  occasional  act  of 
deglutition.  3.48.  Tendency  to  clench  teeth.  3.52.  Pulse  108.  4.10. 
Operation  over.  4.13.  A  cough.  Patient  in  lithotomy  position  all  the 
time,  but  colour  always  good.  She  had  had  portion  of  mutton  chop  at 
8  a.m.,  and  a  little  brandy  and  water  at  12  mid-day,  i.e.,  2-Jr  hours 
before  operation.  She  coughed  up  a  little  mucus  soon  after  operation. 
Much  less  vomiting  than  on  previous  occasion. 

Illustrative  Case,  No.  7. — F.,  aet.  about  44.  Average  height,  rather 
thin,  florid  complexion,  grey  hair,  very  good  heart  sounds  and  chest 
expansion.  Operation  abdominal  section  (exploratory).  Administra- 
tion lasted  1  hr.  12  min.  Gas  and  ether  by  method  described  on 
p.  184.  Seven  ounces  of  pure  ethylic  ether  used.  9.38  a.m.  adminis- 
tration commenced.  No  difficulty.  Breathing  soon  became  stertorous. 
Operation  commenced  whilst  pupils  were  |^  (  =  4  mm.)  and  slight  lid- 
reflex  present.  The  breathing,  wdiich  had  been  stertorous,  was  quieter 
from  not  having  kept  up  a  sufficiently  free  administration.  Pupils 
became  larger  with  incision.  A  sudden  cough  now  occurred  with  an 
attempt  at  vomiting.  This  showed  that  an  error  bad  been  committed 
in  not  keeping  the  patient  deeply  enough  under.     Cough  quickly 

allayed  by  more  ether.    9.51.  Deep  stertor,  pupils  ^^(=4-i  mm.), 

and  no  lid-reflex.  Quick  full  pulse.  Some  mucus.  10.12.  Pt'pil|£ 
(=3  mm.),  with  deep  regular  breathing  and  no  lid-reflex.  This  pupil 
was  obviously  the  proper  pupil  for  this  case  at  this  juncture.  It  gradu- 
ally became  smaller.  10.30.  Pupil  #  (=  2  mm.),  pulse  112,  ques- 
tionable lid-reflex.  Less  ether  made  pupil  4)  (=  3  mm.),  and  led  to 
slight  lid-reflex  and  tendency  to  cough.  More  ether  had  opposite 
effects,  causing  a  smaller  pupil.  10.50.  Operation  and  administration 
over.    Florid  colour.    No  nausea  or  vomiting  after. 
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The  advantages  of  ether  gradually  given  with  plenty  of  air 
upon  an  '  open '  inhaler  are  shown  in  the  three  following  cases  : — 

Illustrative  Case,  No.  8. — M.,  rot.  about  37.  Thin ;  feeble  ;  right 
lung  useless  ;  pus  coughed  up  daily  ;  also  purulent  discharge  from  old 
empyema  incision  ;  left  lung  apparently  healthy  ;  temperature  elevated  ; 
quick  pulse.  One  ounce  of  brandy,  with  an  equal  quantity  of  water, 
five  minutes  before  administration.  A  small  quantity  of  A.  C.  E. 
mixture  given  for  a  minute  or  two  ;  then  ether  (Eobbins's  pure  ether) 
on  an  open  inhaler.  No  difficulty  whatever.  Little  if  any  cough. 
Allowed  a  little  movement  occasionally.  (I  have  omitted  to  "note  the 
nature  of  operation,  but  I  believe  a  portion  of  rib  was  removed.)  The 
patient  had  been  anaesthetised  twice  before  with  the  A.  C.  E.  mixture, 
ami  1  was  informed  his  breathing  had  ceased  on  each  occasion. 

Illustrative  Case,  No.  9. — F.,  set.  about  52.  Stout.  Sitting  up  in 
bed.  Cannot  lie  down.  1  las  morbus  cordis,  and  is  subject  to  attacks  of 
angina  pectoris  and  cyanosis.  Pulse  very  feelde  and  irregular  at  wrist. 
(Precise  nature  of  cardiac  affection  not  ascertained.)  Wheezing  sounds 
;it  bases  of  lungs.  Anaesthetic  required  for  passive  movement  of  stiff 
shoulder.  Commenced  with  a  small  quantity  of  A.  C.  E.  mixture 
(two  minutes'  inhalation)  on  an  open  felt  cone,  and  then  gave  ethylic 
ether  on  same  inhaler.  Very  gradual  administration.  Eespiration 
grew  deeper.  An  occasional  cough.  Conjunctiva  never  insensitive, 
though  once  nearly  so.  Colour  always  good.  Pulse  improved  when 
under  ether.  Manipulations  of  shoulder  lasted  six  minutes.  Came 
round  gradually  with  moaning  respiration.  No  cyanosis.  Satisfactory 
recovery  from  effects  of  anaesthetic. 

Illustrative  Case,  No.  10. — Infant,  seven  weeks  old.  A  rather 
weakly  but  not  anaemic  child.  Was  at  the  breast  three  hours  before. 
Circumcision.  Commenced  at  9.45  a.m.  with  Eobbins's  ether.  Admin- 
istration 1 5  min.  Ether  dropped  on  to  Skinner's  mask.  Some  crying, 
lasting  2  or  3  minutes.  Mask  now  kept  fairly  wet  with  ether.  No 
cough  or  prolonged  holding  of  breath.  By  degrees  respiration  more 
regular  and  of  higher  pitch.  Then  quite  regular.  Arms  a  trifle  rigid. 
Very  slight  movement  of  legs.  Operation  begun.  Trifling  reflex 
movement  and  crowing  breathing.  Eespiration,  as  a  rule,  regular  and 
noisy  ;  inspiration  and  expiration  attended  by  similar  sounds.  No 
mucus.  Pupils  ^  (=  3  mm.).  Flaccid.  No  conjunctival  reflex.  Pulse 
full  and  quick.  Face  very  red.  About  ^  drachm  of  ether  now  added 
at  a  time.  The  following  were  the  indications  of  "coming  round  "  : — 
Commencing  rigidity  of  arms ;  hesitating  breathing ;  movement  of  legs  ; 
and  then  phonation.    Quick  recovery.    No  vomiting  when  I  left. 
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CHAPTEE  III. 

NITROUS  OXIDE  FOLLOWED  BY  ETHER. 

We  are  indebted  to  Clover  for  the  valuable  suggestion  and  prac- 
tice of  administering  nitrous  oxide  before  ether.  The  former 
agent  is  a  particularly  approjDriate  one  for  inducing  anaesthesia. 
It  is  by  no  means  unpleasant  to  inhale  :  it  rapidly  destroys  con- 
sciousness :  its  administration  is  not  attended  by  excitement 
or  struggling  :  and  its  use  is  practically  free  from  risk  to  life. 
Although  ether,  as  we  have  already  seen,  is  the  best  anaesthetic 
for  ordinary  surgical  work,  the  sensations  which  attend  its  adminis- 
tration are  distinctly  disagreeable.  Nitrous  oxide  therefore  sup- 
plies the  very  qualities  in  which  ether  is  deficient.  From  the 
point  of  view  of  the  patient  it  is  a  great  boon  not  only  to  be 
quickly  rendered  unconscious,  but  to  be  spared  the  suffocative 
and  other  feelings  which  may  attend  the  initial  stages  of  etheri- 
sation. Moreover,  ether  is  a  particularly  appropriate  anaesthetic 
to  administer  in  conjunction  with  or  immediately  after  nitrous 
oxide,  because  the  exclusion  of  atmospheric  air,  which  is  essential 
in  the  case  of  the  former  anaesthetic,  is  to  a  certain  extent  advan- 
tageous in  the  case  of  ether.  In  other  words,  we  may  pass  from 
deep  nitrous  oxide  to  deep  ether  anaesthesia  without  admitting 
that  quantity  of  air  which  would  be  absolutely  essential  were  we 
dealing  with  chloroform. 

Clover's  first  plan 1  for  administering  this  mixture  was  to 
render  the  patient  unconscious  with  nitrous  oxide,  and  then  to 
change  the  gas  inhaler  for  an  ether  apparatus.  His  next  method 
was  to  first  administer  nitrous  oxide  by  itself,  and  then  to  gradu- 
ally add  ether  by  causing  the  gas  to  pass  over  this  anaesthetic. 
After  working  at  the  subject  for  many  years  he  perfected  his 
combined  gas-and-ether  apparatus  described  below. 

At  the  present  time  there  are  three  satisfactory  methods  of 
administering  nitrous  oxide  with  ether,  all  of  which  have  stood 
the  test  of  time  and  are  therefore  deserving  of  notice.  The  two 
anaesthetics  may  be  given  in  succession  : — ■ 


1  Brit.  Med.  Joum.,  July  15,  1876,  p.  74. 
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(1.)  By  Clover's  combined  gas-and-ether  apparatus; 

(2.)  By  the  ordinary  nitrous  oxide  apparatus  and  an  Ormsby's 
ether  inhaler ;  and 

(3.)  By  fitting  a  special  form  of  stopcock  to  CloverVportable 
I'egulating  ether  apparatus. 

I  have  tried  all  the  other  plans  which  have  been  suggested,  but  in 
some  point  or  another  they  are  inferior  to  those  here  mentioned. 

A.  THE  ADMINISTRATION  BY  MEANS  OF  CLOVER'S 
COMBINED  GAS-AND-ETHER  APPARATUS. 

The  original  models  of  this  inhaler  differed  slightly  from  that  shown 


Fig.  36.— Clover's  Combined  1  Gas-and-Ether'  Apparatus. 


in  Fig.  36,  which  represents  the  apparatus  now  emploj'ed.1   It  consists 


1  This  ingenious  inhaler  is  made  by  Messrs.  Mayer  &  Meltzer.  after  Clover's 
own  instructions.  (For  Clover's  brief  description  of  it  see  Brit.  Med.  Journ., 
July  15,  1S76,  p.  74.)    I  am  indebted  to  Dr.  Buxton  for  the  wood-cut. 
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of  A,  B,  a  gas  cylinder  and  stand  :  C,  an  ether  reservoir,  which  can  be 
attached  to  the  coat  of  the  administrator  by  the  hook  i  :  D,  an  inhaling 
bag  :  E,  a  face-piece  with  an  expiratory  valve  in  its  side,  for  the  escape 
of  expirations  when  nitrons  oxide  is  being  breathed  :  and  0,  a  regu- 
lating stopcock,  which  determines  whether  air,  gas,  or  gas  mixed  with 
ether3  shall  be  breathed  by  the  patient.  The  regulating  stopcock  is 
connected  on  the  one  hand  to  the  face-piece,  and  on  the  other  to  the 
bag  (D),  and  the  flexible  tube  n  running  through  the  bag.  Both  I) 
and  n  are  attached  to  the  ether  reservoir.  When  the  gas  cylinder  is 
worked  by  the  foot,  gas  passes  through  the  tube  h  and  the  stopcock  m 
into  the  bag  (D).   The  ether  reservoir  (C)  is  shown  in  detail1  in  Fig.  37. 


Fig.  37. — Diagrammatic  Section  of  the  Ether  Reservoir  of  Clover's  Combined  Gas- 
and-Ether  Apparatus. 

Ether  is  poured  into  it  by  the  tube  (t)  at  its  side  (placed  diagrammati- 
cally  opposite  to  the  inhaling-bag  attachment).  The  india-rubber  tube 
(n,  Fig.  36)  is  attached  to  the  metal  tube  («/),  and  the  bag  D  to  D'. 
There  is  a  small  hermetically  sealed  water-chamber  in  the  base  of  the 
reservoir  (C).  The  reservoir  has  at  its  upper  part  a  tap  (7c).  When  k 
is  turned,  as  in  the  figure,  a  communication  is  established  (as  shown  by 
the  aiTows)  between  the  gas-bag  and  the  interior  of  the  reservoir. 


1  Figs.  37  and  38  are  from  drawings  made  by  the  late  Dr.  C.  E.  Sheppard. 
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When  h  is  turned  oft',  all  communication  between  the  ether  reservoir 
and  the  rest  of  the  apparatus  is  shut  off.  The  regulating  stopcock  (0), 
shown  in  detail  in  Fig.  38,  has  a  dial-plate  with  the  letters  ('G')  and 
('E'),  for  gas  and  ether,  engraved  upon  it.  The  tube  (n)  and  bag  (D) 
of  Kg.  36  are  attached  to  n"  and  D"  of  the  stopcock.  Supposing  the 
tap  of  the  ether  reservoir  to  be  turned  on,  and  the  inhaling-bag  to  con- 
tain gas,  the  handle  (w)  when  pointing  to  'E'  on  the  dial  will  open  up 
to  slot  (se),  and  so  place  the  patient  in  direct  communication  with  the 
ether  reservoir  by  the  flexible  india-rubber  tube  passing  through  the 


Fixed  portion  of  regulating  stopcock  (0),  Rotating  portion  of  regulating  stopcock 
with  three  slots  (set,  se/,  and  sc)  for  air,  gas,  (O),  with  one  slot  (eg)  shown  in  dotted  line, 
and  ether.    Slots  shown  in  dotted  line.  Handle  (w)  now  half  way  (  =  half  gas  and 

half  ether).  The  fixed  dial-plate  on  which 
w  moves  is  also  shown. 

Fio.  38. 

gas-bag.  Or  the  indicator  (w)  will,  when  at  '  G'  on  the  dial,  place  the 
patient  in  communication  with  the  gas-bag.  Or,  should  the  indicator 
be  half  way  between  'G'  and  'E,'  both  gas  and  ether  will  be  breathed. 

To  use  the  apparatus  the  ether  reservoir  is  charged  with  4  ozs. 
of  ether,  and  its  tap  turned  off  so  that  there  may  be  no  odour  of 
ether.  The  bag  is  then  emptied  of  any  air  which  it  may  contain. 
The  handle  of  the  regulating  stopcock  is  turned  completely  off 
the  dial-plate,  so  that  the  air-slot  is  opened.  The  bag  is  then 
filled  with  nitrous  oxide  by  working  the  foot-key  of  the  gas 
cylinder.  When  the  face-piece  is  applied,  air  is  breathed  back- 
wards and  forwards  through  the  air-slot.  The  handle  of  the 
regulating  stopcock  is  now  placed  at  £  G,'  and  nitrous  oxide  is 
respired.    Expirations  escape  at  the  expiratory  valve  in  the  side 
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of  the  face-piece  so  long  as  the  bag  is  kept  more  or  less  distended 
by  fresh  gas.  After  three  or  four  breaths  of  gas  the  tap  of  the 
ether  reservoir  should  be  turned  on.  This  will  open  up  the  way 
for  the  gas  to  pass  over  ether,  but  the  gas  will  not  freely  circulate 
until  the  handle  of  the  regulating  stopcock  is  moved  towards  '  E.' 
This  should  be  done  a  few  seconds  later.  It  is  not  as  a  rule 
necessary  to  use  more  than  a  bag  or  a  bag  and  a  half  of  gas. 
When  no  more  is  needed  the  foot-key  should  be  turned  off  and 
the  supply  tube  subsequently  disconnected  from  the  apparatus. 
If  too  much  gas  be  given,  the  so-called  '  stertor '  of  nitrous  oxide 
narcosis  may  interfere  with  the  free  intake  of  ether.  When  the 
handle  of  the  regulating  stopcock  is  turned  towards  '  E '  the  gas 
current  will  pass,  as  shown  in  Fig.  37.  Should  much  clonic 
movement  occur,  a  breath  of  air  should  be  given,  either  by 
momentarily  opening  the  air-slot  again,  or  by  removing  the  face- 
piece  for  half  an  inspiration  or  so  of  air.  As  the  supply  of  nitrous 
oxide  to  the  bag  has  now  ceased,  and  as  the  bag  has  therefore 
lost  all  distension,  to-and-fro  breathing  results,  because  the  expira- 
tory valve  does  not  act.  Nitrous  oxide,  ether,  and  air  are  thus 
breathed  backwards  and  forwards.  The  handle  of  the  regulating 
stopcock  must  be  passed  towards  '  E '  till  a  sufficient  degree  of 
ether  anaesthesia  is  reached.  Stertorous  breathing  and  insensi- 
bility of  the  conjunctiva  usually  supervene  in  about  two  minutes. 
The  administrator  should  not  admit  too  much  fresh  air,  otherwise 
his  patient  will  quickly  come  out  of  the  anaesthesia.  By  degrees 
all  nitrous  oxide  will  escape  from  the  bag,  and  the  patient  will 
therefore  continue  to  breathe  ether  and  air,  without  any  nitrous 
oxide,  backwards  and  forwards.  After  a  while  the  handle  of  the 
regulating  stopcock  may  be  turned  back  somewhat,  as  less  ether 
will  be  needed ;  and  more  air  may  thenceforward  be  allowed. 

Although  this  apparatus  is  intended  for  the  use  of  nitrous  oxide 
and  ether  in  succession  and  combination,  it  maybe  used  for  either 
of  these  anaesthetics  alone.  Its  drawbacks  are  :  that  it  is  rather 
cumbrous ;  that  it  is  complicated ;  and  that  it  has  to  be  sus- 
pended from  the  coat  of  the  administrator.  For  administering 
an  anaesthetic  to  a  patient  in  bed  the  apparatus  is  far  inferior 
to  others.  It  nevertheless  possesses  certain  advantages.  Thus, 
it  holds  sufficient  ether  for  a  very  long  operation  :  there  is  no 
odour  of  the  anaesthetic  when  the  face-piece  is  applied,  as  the 
vapour  can  be  shut  off  very  perfectly  :  and  should  any  ether 
remain  in  it  after  use  it  can  be  kept  there  ready  for  a  sub- 
sequent case.  The  apparatus  is,  perhaps,  better  adapted  for 
dental  than  for  general  surgical  operations. 
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B.  THE  ADMINISTRATION  BY  MEANS  OF  AN  ORDINARY 
NITROUS  OXIDE  APPARATUS  AND  AN  ORMSBYS 
ETHER  INHALER  (MR.  WOODHOUSE  BRAINE'S 
METHOD).1 

The  apparatus  necessary  for  administering  nitrous  oxide  and  ether 
by  this  method  has  been  fully  described  in  the  two  preceding  chapters. 
Any  apparatus  which  produces  deep  nitrous  oxide  anaesthesia  will 
answer  well.  Mr.  Braine  employs  a  long  and  large  silk  bag,  which 
holds  sufficient  gas  for  the  administration,  provided  that  the  face-piece 
has  a  'supplemental  bag'  attached  to  it  (p.  93).  The  pattern  of 
Ormsby's  inhaler  preferred  by  Mr.  Braine  is  that  shown  in  Fig.  35, 
p.  149,  with  the  exception  that  it  possesses  no  compartment  for  a  water- 
chamber,  but  merely  a  simple  cage  for  one  sponge.  Any  kind  of 
Ormsby's  inhaler  will  answer,  provided  that  the  bag  be  not  too  small, 
and  that  the  face-piece  fits  well.  The  sponge  should  be  wrung  out  in 
warm  water  immediately  before  use.  Some  administrators  keep  the 
Ormsby's  inhaler  Blightly  warm  up  to  the  moment  at  which  the  ether 
is  poured  into  it,  by  placing  in  it  a  cloth  or  towel  which  has  been  wrung 
out  of  very  hot  water.  Something  of  the  kind  is  certainly  of  advan- 
tage in  cold  weather,  when  anaesthetising  powerfully  built  men  or 
alcoholic  persons.  I  have  found  the  little  water-chamber  shown  in 
Fig.  35  to  answer  well  for  the  purpose.  It  may  be  immersed  in  warm 
water  before  the  administration,  and  introduced  into  the  inhaler  just 
before  it  is  applied  to  the  face  of  the  patient. 

It  is  the  object  of  the  administrator,  in  giving  gas  and  ether  by 
this  method,  to  first  place  the  patient  fully  under  nitrous  oxide 
in  the  usual  manner,  and  then,  during  the  deep  anaesthesia  thus 
induced,  to  introduce  into  the  lungs  and  circulation,  as  quickly 
as  possible,  a  considerable  quantity  of  ether.  The  method  differs 
from  that  which  has  been  described  above,  and  from  that  which 
will  be  referred  to  below,  in  that  there  is  no  gradual  introduction 
of  ether  vapour  during  moderate  nitrous  oxide  anaesthesia.  A 
sudden  and  strong  ether  vapour  is  presented  to  the  patient  who 
has  been  put  deeply  under  nitrous  oxide.  The  ether  may  either 
be  added  to  the  Ormsby's  inhaler  immediately  before  the  inhala- 
tion of  gas  commences,  or,  should  it  be  desired  to  prevent  the 
patient  detecting  any  odour  of  ether  in  the  room,  it  may  be 
poured  upon  the  sponge  after  the  gas  face-piece  has  been  applied. 
In  the  case  of  strong  adults,  about  an  ounce  and  a  half  of  ether 
should  be  added  to  the  inhaler.  For  anaesthetising  children  and 
feeble  subjects  smaller  quantities  are  advisable.    Nitrous  oxide 

1  Brit.  Med.  Journ.,  Dee.  4,  1880.  Clover's  portable  regulating  ether 
inhaler  is  not  as  suitable  as  Ormsby's  for  administering  ether  immediately 
after  a  full  dose  of  nitrous  oxide. 
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is  administered  in  the  ordinary  manner  (p.  98)  until  the  usual 
signs  of  narcosis  manifest  themselves.  At  this  point  the  gas 
face-piece  is  removed,  and  quickly  replaced  by  the  Ormsby's 
inhaler.  It  is  usually  said  that  no  air  should  be  admitted  during 
the  exchange  of  inhalers,  and,  roughly  speaking,  this  is  correct. 
But  it  is  obvious  that  unless  oxygen  in  some  way  or  another 
gains  access  to  the  lungs,  respiration  cannot  be  expected  to 
proceed.  Moreover,  at  the  very  acme  of  nitrous  oxide  anassthesia 
the  pulse  is  often  quick,  small,  or  even  indistinct  at  the  wrist, 
more  especially  in  feeble  patients,  and  a  breath  or  so  of  air  is 
needed  in  order  to  re-establish  the  circulation.1  I  have  used  this 
method  in  a  very  large  number  of  cases,  and  I  find  that  the 
quantity  of  air  which  should  be  allowed  during  the  transition  is 
best  regulated  by  the  vigour  and  build  of  the  patient.  As  a 
general  rule,  it  is  best  to  remove  the  gas  face-piece  during  an 
expiration;  to  allow  half  to  one  inspiration  of  air;  and  to  apply 
the  Ormsby's  inhaler  during  the  following  expiration.  Some 
recommend  2  that  the  Ormsby's  inhaler  should  be  applied  with 
the  air-slot  open,  and  that  after  a  few  moments  the  slot  should  be 
closed.  Vigorous  subjects  require  vigorous  treatment,  and  in  their 
case  air  should  be  sparingly  given.  In  weakly  subjects  and  in 
children  a  full  breath,  or  even  two  breaths,  of  air  may  be  allowed, 
and  the  ether  may  be  more  gradually  applied.  By  placing  the 
Ormsby's  inhaler  over  the  face  during  an  expiration,  its  bag 
becomes  partly  distended  with  expired  air,  nitrous  oxide,  and 
ether.  The  following  inspiration  is  invariably  held  for  some 
little  while  owing  to  the  strength  of  the  ether  vapour.  Mr. 
Braine's  rule,  I  believe,  is  to  keep  the  ether  inhaler  applied  till 
the  patient  breathes,  unless  the  conjunctiva  should,  during  the 
suspended  respiration,  become  insensitive  to  touch,  in  which  case 
the  inhaler  should  be  removed.  If  the  patient  has  been  placed 
thoroughly  under  nitrous  oxide,  he  will  not  hold  his  breath  so 
long  as  if  only  partial  anaesthesia  has  been  induced.  A  distinct, 
though  brief  period  of  suspended  breathing  and  cyanosis  must 
be  looked  for  in  this  method,  and  need  not  of  itself  excite  alarm. 
Florid,  flabby  subjects  assume  a  very  cyanotic  appearance,  but 
the  administrator  must  not  be  in  too  great  a  hurry  to  admit  air, 
as  otherwise  quick  recovery  may  ensue.     The  first  inspiration 

1  If  the  pulse  at  the  wrist  be  watched  at  this  juncture,  unnecessary  alarm 
may  be  felt  by  the  administrator.  The  contraction  of  the  muscles  of  the  arm 
probably  helps  to  explain  the  almost  imperceptible  pulse  which  in  some  cases 
is  observed.  Dr.  Russell  Reynolds  ('Epilepsy,'  p.  271)  states  that  the  heart 
may  be  acting  vigorously  during  an  epileptic  seizure,  but  the  pulse  may  be 
nearly  imperceptible  at  the  wrist.  A  somewhat  analogous  state  is  probably 
induced  when  gas  and  ether  are  administered  by  this  method. 

2  Brit.  Med.  Joum.,  Jan.  24,  1885,  p.  209. 
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through  the  ether  sponge  is  usually  a  short  and  ineffectual  one, 
hut  by  degrees  respiration  grows  deeper  and  more  regular.  At 
the  approach  of  stertor  a  breath  of  air  may  be  allowed  again,  and 
in  this  way  good  ether  anaesthesia  will  quickly  ensue.  Difficulties 
are  most  common  in  patients  of  alcoholic  habits,  in  those  who  are 
fat  and  flabby,  in  very  muscular  subjects  with  accurately  fitting 
teeth,  and  in  individuals  with  partial  or  complete  nasal  obstruc- 
tion. When  difficulties  are,  from  the  appearance  of  the  patient, 
likely  to  arise,  it  is  an  excellent  plan  to  place  a  little  mouth- 
prop  between  the  front  teeth  (Fig.  3,  p.  82)  before  giving  the 
gas. 

This  plan  of  administering  nitrous  oxide  and  ether  has  much 
to  recommend  it.  The  apparatus  required  is  simple  :  all  chance  of 
the  odour  of  ether  being  detected  by  the  patient  may  be  obviated  : 
and  when  once  ether  ana?sthesia  has  become  established  there  is 
no  better  inhaler  than  Ormsby's  for  maintaining  narcosis.  I 
have  found  the  method  of  the  greatest  value  in  children,  in  young 
adults  of  both  sexes,  and  in  nervous  and  hysterical  women.  For 
anaesthetising  very  muscular  or  alcoholic  men  it  has  not,  in 
my  hands,  proved  as  good  as  the  plan  which  will  next  be 
described.  Moreover,  it  is  not  a  very  satisfactory  method  in 
dental  practice. 

C.  THE  ADMINISTRATION  BY  MEANS  OF  A  LIMITED 
QUANTITY  OF  NITROUS  OXIDE,  A  SPECIAL  FORM 
OF  STOPCOCK,  AND  A  CLOVER'S  PORTABLE  REGU- 
LATING ETHER  INHALER. 

Attempts  have  from  time  to  time  been  made  to  administer 
nitrous  oxide  and  ether  by  passing  the  gas  through  a  Clover's 
portable  ether  inhaler.  I  do  not  propose  to  describe  in  detail 
what  has  been  done  in  this  direction,  as  no  useful  purpose  would 
be  served.  The  chief  difficulty  which  has  hitherto  presented 
itself  is,  that  whereas  for  the  successful  administration  of  nitrous 
oxide  the  escape  of  expired  gas  is  essential,  at  all  events  at  the 
commencement  of  the  inhalation,  no  such  escape  of  the  expira- 
tions is  necessary  in  administering  ether,  in  fact  to-and-fro  breath- 
ing is  advisable.  Some  years  ago  I  devoted  a  considerable  time 
to  this  particular  matter.  I  found  that  by  attaching  a  charged 
gas-bag  to  a  Clover's  inhaler,  and  by  employing  a  stopcock 
which  would  at  one  moment  allow  of  nitrous  oxide  being  breathed 
through  valves,  and  would  at  another  (when  ether  was  turned 
on)  permit  of  to-and-fro  breathing,  a  very  satisfactory  form  of 
anaesthesia  could  be  obtained. 
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In  addition  to  a  Clover's  portable ''•rfegttliltiti^  o*$rj  fojialer  ,(Fi£.  .28, 
p.  139),  and  a  cylinder  or  pair  of  cylinders  for  the  supply  of  nitrous  oxide 
(Fig.  16,  p.  92),  all  that  is  needed  is  a  gas-hag  capable  of  holding  about, 
but  not  more  than,  two  gallons  of  gas,  and  furnished  with  the  special 
form  of  stopcock  described  in  detail  on  p.  96.  This  is  the  same  stopcock 
which  I  find  to  give  the  best  results  in  ordinarily  administering  nitrous 
oxide.  The  ether  chamber,  which  should  be  slightly  warmed  in  cold 
weather,  or  when  a  very  vigorous  and  muscular  patient  is  about  to  be 
anaesthetised,  should  be  charged  with  an  ounce  and  a  half  of  ether,  and 
its  indicator  turned  to  lo.'  The  gas-bag  should  be  filled  or  nearly  filled 
with  gas,  according  to  the  age  and  strength  of  the  patient.  Children 
will  not  need  more  than  half  a  bag  full.  The  bag  should  be  discon- 
nected from  the  gas  supply  tube  and  placed  near  at  hand.  A  face-piece 
of  appropriate  size  should  be  fitted  to  the  ether  chamber.  It  is  a  good 
plan  for  the  administrator  to  apply  the  face-piece,  with  the  ether 
chamber  attached,  to  his  own  iace,  and  to  blow  out  through  it,  in  order 
to  expel  any  traces  of  ether  vapour  present.  If  this  be  done,  and  if  care 
be  taken  not  to  unduly  warm  or  shake  the  apparatus,  there  will  be 
little  if  any  odour  of  ether  when  the  face-piece  is  applied  to  the 
patient's  face. 

The  administration  is  thus  conducted.  If  the  patient  be 
lying  upon  his  back  his  head  should  be  turned  to  one  side.  The 
face-piece  with  the  charged  ether  chamber  is  then  applied  during 
an  expiration.  Air  will  be  breathed  backwards  and  forwards. 
When  the  respiration  is  seen  to  be  proceeding  freely,  and  the 
face-piece  fits  well,  the  charged  gas  bag  is  attached  to  the  ether 
chamber.  Air  will  still  be  breathed,  but  now  through  the  valves 
of  the  special  stopcock.  When  the  valves  are  heard  to  be  work- 
ing properly  gas  is  turned  on,  and  is  likewise  breathed  through 
the  valves.  Three  or  four  respirations  (or  about  one-half  of  the 
contents  of  the  bag)  are  allowed  to  escape.  The  valve  action  is 
now  stopped  by  turning  the  tap  at  the  upper  part  of  the  stopcock. 
At  the  same  moment  at  which  the  patient  begins  to  breathe  gas 
backwards  and  forwards,  the  rotation  of  the  ether  chamber,  for 
the  addition  of  ether  vapour,  should  be  commenced.  Rotation 
may  be  effected  more  quickly  than  when  the  ether  chamber  is 
used  without  gas.  The  administrator  will,  in  fact,  find  that  he 
can,  in  a  few  seconds  from  the  commencement  of  the  adminis- 
tration, rotate  the  ether  chamber  as  far  as  '  1  '  or  '  1^'  (Fig.  39). 
Should  swallowing  or  coughing  arise,  he  must  rotate  more  slowly. 
Respiration  soon  becomes  deep  and  regular,  and  more  and  more 
ether  may  be  admitted.  At  about  this  juncture,  if  the  apparatus 
has  been  fitting  the  face  well,  signs  of  nitrous  oxide  narcosis  may 
appear,  especially  in  those  who  are  quickly  affected  by  this  gas. 
Should  jerky  breathing  or  'jactitation'  arise,  one  full  inspira- 
tion of  air  should  be  admitted  at  the  air-tap.  It  should  be 
remembered,  however,  that  in  giving  gas  and  ether  by  this 
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method,  the  object  is  to  just  steer  clear  of  the  clonus  and 
|stertor'  of  nitrous  oxide  narcosis,  and  to  gradually  but  increas- 
ingly mix  ether  with  the  gas.  In  muscular  and  vigorous  sub- 
jects, the  quantity  of  gas  above  mentioned  will  be  found  to  be, 
as  a  general  rule,  insufficient  to  lead  to  the  usual  signs  of  deep 
nitrous  oxide  anaesthesia.  The  rotation  of  the  ether  chamber 
should  be  continued  till  the  indicator  points  to  '  2,'  '3,'  or  'P.' 
The  mistake  that  is  most  commonly  made  is  that  air  is  admitted 
too  soon.  Should  air  be  given  during  the  first  minute  or  so,  the 
patient  will  partially  come  round,  hold  his  breath,  set  his  teeth, 
and  give  a  good  deal  of  trouble.    Duskiness  of  the  features  must 


[Fio.  39. — The  Administration  of  Nitrous  Oxide  and  Ether  by  means  of  a  Clover's 
Portable  Ether  Inhaler,  a  special  form  of  Stopcock,  and  a  detached  Gas- Bag. 


be  expected.  Speaking  generally,  air  should  not  be  allowed  till 
the  patient  is  stertorous,  when  one  breath  may  be  given.  In 
this  manner  the  patient  will  continue  breathing  a  mixture  of 
nitrous  oxide,  ether,  and  air,  till  the  usual  signs  of  deep  ether 
anaesthesia  appear,  when  the  gas-bag  may  be  detached,  and  the 
little  bag  ordinarily  used  with  Clover's  inhaler  may  be  substituted. 
This  will  necessarily  admit  more  air,  and  the  dusky  colour  of  the 
features  will  hence  become  less  pronounced.  The  administration 
should  then  be  conducted  as  described  on  p.  146. 

In  dental  practice  an  available  anaesthesia  somewhat  longer 
than  that  obtainable  from  nitrous  oxide  alone  is  often  desired  ; 
and  this  particular  method  is  the  best  for  the  purpose.  Should 
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the  operator  wish  for  an  anaesthesia  of  one  minute  after  the 
apparatus  is  withdrawn  from  the  face,  this  period  may  usually 
be  depended  upon  after  an  inhalation,  as  above  directed,  for 
one  and  a  half  or  two  minutes.  After  a  little  practice  the  admin- 
istrator will  be  able  to  estimate  with  tolerable  certainty  the 
length  of  inhalation  needed  to  secure  the  proper  length  of  anaes- 
thesia. When  only  a  short  anaesthesia  is  wanted  (1  to  min.), 
some  form  of  mouth-prop  should  be  inserted  between  the  teeth 
or  gums  before  the  face-piece  is  applied  ;  but  if  profound  surgical 
anaesthesia,  for  the  extraction  of  numerous  difficult  teeth,  be 
required,  I  find  it  far  better  not  to  use  any  form  of  prop,  as 
otherwise  free  breathing  may  be  interfered  with  (see  p.  45). 

This  plan  of  giving  nitrous  oxide  and  ether  has  numerous 
advantages.  In  the  first  place,  only  a  limited  quantity  of  nitrous 
oxide  is  needed,  so  that  the  bag  may  be  filled  before  the  patient 
enters  the  room,  or  it  may  be  filled  outside  the  room  and  carried 
in.  The  patient  is  thus  spared  the  noise,  &c,  connected  with  the 
supply  of  gas  to  the  gas-bag,  and  the  administrator  is  spared  the 
trouble  of  keeping  up  a  supply  of  the  gas  with  the  foot-key 
during  the  administration.  The  patient  need  never  see  the  gas- 
bag. When  the  face-piece  and  ether  chamber  are  applied,  he 
should  be  told  to  close  his  eyes,  and  the  gas-bag  may  then  be 
adapted.  One  frequently  has  to  give  gas  and  ether  to  patients 
who  are  lying  in  bed,  and  under  these  circumstances  it  is  a  great 
convenience  to  have  at  hand  a  detached  bag  of  gas  containing 
sufficient,  when  used  as  directed,  for  any  patient.  Some  have 
objected  to  the  method  on  the  ground  that  there  is  always  a 
smell  of  ether  in  the  apparatus  when  it  is  first  applied  to  the 
face.  But,  by  proceeding  as  above  narrated,  the  odour  will 
either  be  so  slight  that  it  matters  but  little,  or  will  not  be  de- 
tected at  all.  I  have  tried  all  methods  of  giving  gas  and  ether, 
and  I  find  this  to  be  the  best  for  general  use. 
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CHAPTEE  IV. 

CHLOROFORM. 

A.  APPARATUS  AND  METHODS  OF  ADMINISTRATION. 

Sir  James  Simpson,  to  whom  we  are  indebted  for  the  introduction 
of  chloroform  as  an  anaesthetic,  first  administered  the  drug  by 
means  of  a  simple  handkerchief  arranged  in  a  cup-like  form. 
An  unmeasured  quantity  of  chloroform,  usually  about  a  drachm, 
was  poured  into  the  hollow  thus  formed,  and  the  handkerchief 
applied  to  the  patient's  face.  He  recommended  that  the  vapour 
should  be  exhibited  "  powerfully  and  speedily,"  to  use  his  own 
words,1  and  considered  a  gradual  administration  objectionable, 
owing  to  the  frequent  occurrence  of  inconvenient  excitement. 
Subsequently  he  used  a  folded  cloth  or  towel,  and  he  continued 
to  adopt  this  mode  of  administration  for  several  years.  In  i860, 
however,  he  again  modified  his  procedure,  apparently  in  conse- 
quence of  recognising  the  necessity  of  providing  for  a  more  free 
admixture  of  air  with  the  chloroform  vapour  than  that  which 
usually  resulted  from  the  employment  of  the  folded  towel.  He 
now  advised  that  a  single  layer  of  a  towel  or  handkerchief  should 
be  laid  over  the  patient's  nose  and  mouth,  and  that  the  anes- 
thetic should  be  added  drop  by  drop.  From  the  time  of  Simpson 
to  the  present  day  chloroform  has  been  the  anaesthetic,  par 
excellence,  throughout  Scotland ;  and  although  there  are  many 
Scotch  surgeons  who  still  give  the  anaesthetic  "  powerfully  and 
speedily,"  there  are  many  others  who  follow  the  later  teaching  of 
Simpson,  and  use  smaller  quantities  frequently  applied.'2 

1  !  The  Works  of  Sir  James  Y.  Simpson,  Bart.,'  vol.  ii.,  Edinburgh,  1871, 
p.  177.  •  . 

a  My  friend  Dr.  Cockburn  Smith,  who  has  lately  visited  the  great  surgical 
centres  of  Scotland,  with  the  object  of  observing  the  methods  of  chloroform 
administration  in  use,  informs  me  that  there  are  two  chief  ways  in  which  the 
agent  is  exhibited.  In  one  of  these  it  is  liberally  added  from  time  to  time  to 
a  folded  towel  (sometimes  arranged  as  an  open  cone),  and  the  administration 
is  quickly  conducted.  In  the  other  the  agent  is  given  in  small  quantities  at  a 
time,  usually  from  a  drop-bottle,  and  the  inhalation  is  slowly  and  cautiously 
conducted  by  means  of  an  Esmarch's  mask,  or  the  corner  of  a  towel  drawn 
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In  1847,  the  year  in  which  Simpson  drew  attention  to  the 
anaesthetic  properties  of  chloroform,  Snow  devised  an  inhaler, 
which  he  subsequently  perfected  and  used  with  success  in  several 
thousand  cases.  His  object  was  to  present  to  the  patient  an 
atmosphere  containing  a  known  percentage  of  chloroform  vapour, 
for  he  had  found,  by  numerous  experiments  on  animals,  that 
concentrated  atmospheres,  such  as  those  which  might  result  from 
the  use  of  a  folded  towel,  were  highly  dangerous  to  life. 

Snow's  inhaler  consisted  of  a  double  metal  cylinder,  the  outer  space 
containing  water,  and  the  inner  one  serving  for  the  evaporation  of 
chloroform  from  bibulous  paper  arranged  in  coils.  The  inner  cylinder, 
which  had  holes  at  its  upper  part  for  the  free  admission  of  air,  com- 
municated by  means  of  a  flexible  india-rubber  tube  with  a  face-piece 
containing  inspiratory  and  expiratory  valves.  Dr.  Francis  Sibson  was 
apparently  the  first  to  employ  a  face-piece  to  cover  both  the  nose  and 
mouth.  His  face-piece  was  made  of  sheet  lead,  in  order  that  it  might 
be  easily  adapted  to  any  face.  Dr.  Snow  added  valves.  Snow's  inhaler 
was  contrived  to  supply,  at  about  6o°  F.,  and  in  the  ordinary  process 
of  inhalation,  about  5  per  cent,  of  chloroform  vapour.  The  expiratory 
valve  to  the  face-piece  was  so  arranged,  however,  that  a  much  more 
dilute  vapour  could  be  employed.  Two  to  two  and  a  half  fluid  drachms 
of  chloroform  were  introduced  into  the  inhaler,  and  one  drachm  at  a 
time  subsequently  added. 

In  1849  Snow  employed,  in  a  few  cases,  a  bag  of  known  capacity, 
which  could  be  inflated  by  bellows,  and  in  this  bag  a  measured  quantity 
of  chloroform  was  placed.  He  so  regulated  the  proportions  that  an 
atmosphere  containing  4  per  cent,  of  vapour  resulted.  He  found  this 
plan  of  administration,  however,  somewhat  inconvenient,  and  preferred 
the  inhaler  previously  described,  although  he  recognised  the  fact  that 
greater  accuracy  was  obtainable  by  using  a  bag  of  known  capacity. 

Snow  found  that  far  more  uniform  effects  were  obtained  by 
means  of  his  inhaler  than  by  simply  pouring  various  quantities 
of  the  anaesthetic  on  a  cloth  or  towel,  arid  he  strongly  condemned 
the  latter  procedure.1 

through  a  safety-pin.  Dr.  Smith  has  had  exceptional  opportunities  of  com- 
paring the  two  plans,  and  has  sent  me  interesting  notes  from  time  to  time  of 
the  observations  he  has  made.  He  has  repeatedly  noticed  in  the  latter  or 
slow  method  a  very  quick  pulse,  hurried  breathing,  and  some  cyanosis,  this 
condition  alternating  with  tranquil,  almost  imperceptible  breathing,  a  slow, 
feeble  pulse,  and  loss  of  colour.  With  these  phenomena  the  conjunctival 
reflex  is  usually  present ;  but  the  signs  referred  to  are  generally  regarded  as 
indications  for  arresting  the  administration.  In  the  more  rapid  method 
(chloroform  being  given  much  more  freely)  he  has  observed,  that  the  conjunc- 
tival reflex  is  usually  absent,  the  pupils  small  (about  2%  mm.),  and  inactive  to 
light,  the  breathing  more  regular  and  deeper,  and  the  colour  and  pulse,  better 
than  in  slower  and  more  cautious  plans  of  procedure. 

1  For  further  particulars  see  '  On  Chloroform  and  other  Ana3sthetics,'  by 
John  Snow,  M.D.,  1858,  p.  82. 
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Clover  agreed  with  Snow  as  to  the  advantages  of  working  with 
a  known  percentage  of  vapour,  and  for  many  years  successfully 
administered  chloroform  upon  these  lines. 

Clover's  chloroform  apparatus 1  consisted  of  a  bag  holding  8000 
cubic,  inches  of  air,  and  connected  by  a  flexible  tube  to  a  face-piece. 
The  bag  was  charged  before  use  by  means  of  a  bellows  holding  1000 
cubic  inches.  On  its  way  from  the  bellows  to  the  bag  the  air  was  made 
to  pass  through  a  warm  chamber  containing  chloroform.  Thirty  to 
forty  minims  of  chloroform  were  added  to  this  chamber,  by  a  graduated 
syringe,  for  every  thousand  cubic  inches  of  air  pumped  through.  This 
would  give  from  3A  to  4^  per  cent,  of  chloroform  vapour.  The  face- 
piece  and  tube  of  the  apparatus  were  almost  identical  with  those  used 
by  Snow. 

Experience  has  shown  that  even  with  the  most  carefully  devised 
apparatus  it  is  impossible  always  to  avoid  accidents.  The  inhalers 
of  Snow  and  Clover  were  constructed  and  arranged  for  the  supply 
to  the  patient  of  an  atmosphere  containing  not  more  than  5  per 
cent,  of  chloroform  vapour.  Although  the  results  obtained  by 
these  observers  were  in  the  highest  degree  satisfactory,  it  is 
doubtful  whether  we  are  justified  in  assuming  that  their  success 
was  chiefly  attributable  to  the  apparatus  they  employed.'2  Similar 
success  in  the  use  of  chloroform  has  been  met  with  by  those  who, 
following  the  teaching  of  Simpson  and  Syme,  have  never  used 
any  form  of  inhaler,  but  have  exhibited  the  anaesthetic  by  means 
of  a  simple  cloth  or  towel. 

Sir  Joseph  Lister  has  devoted  much  attention  to  the  administra- 
tion of  chloroform.  Writing  in  186 1  he  recommended:  that  a 
common  towel,  as  suggested  by  Sir  James  Simpson,  should  be  so 
folded  as  to  make  a  square  of  six  layers :  that  an  unmeasured 
quantity  of  chloroform,  sufficient  to  moisten  a  surface  the  size  of 
the  palm  of  the  hand,  should  be  poured  upon  the  towel :  that  the 
latter  should  be  brought  as  close  to  the  nose  and  mouth  of  the 
patient  as  could  be  comfortably  borne  :  and  that  more  chloroform 
should  be  added  from  time  to  time.  As  Snow  had  drawn  atten- 
tion to  the  clanger  of  too  concentrated  a  chloroform  vapour,  and 
had  from  numerous  experiments  fixed  the  maximum  proportion 
of  chloroform  vapour  which  should  be  inhaled  at  5  per  cent.,  Sir 
J.  Lister  was  led  to  experimentally  estimate  the  percentage  of 
vapour  given  off  from  the  under  surface  of  a  cloth  moistened 

3  Described  in  Erichsen's  'Science  and  Art  of  Surgery,'  vol.  i.  1S77,  p.  18. 

2  Of  101  chloroform  fatalities  collected  by  Kappeler  9  occurred  with  com- 
plicated inhalers.  Of  these  9  deaths  5  took  place  during  the  use  of  Clover's 
apparatus.  Of  the  109  fatalities  collected  by  the  English  Chloroform  Com- 
mittee 28  took  place  with  inhalers,  and  in  5  of  these  28  cases  Snow's  apparatus 
was  being  used. 
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with  ii  drachms  of  chloroform,  and  placed  immediately  above 
the  face.  Snow  had  stated  that  as  much  as  9.5  per  cent,  of 
chloroform  vapour  might  be  inhaled  from  a  cloth  at  ,70°  F. ;  but 
Sir  J.  Lister's  observations  led  him  to  state  that  the  percentage 
of  chloroform  vapour  breathed  from  a  moistened  cloth  held  close 
to  the  face  was  below  4.5  per  cent.,  and  therefore  distinctly 
below  the  percentage  employed  by  Dr.  Snow  in  his  inhaler. 
Dr.  Sansom,  writing  in  1870,1  supported  Dr.  Snow  in  his  conten- 
tions, and  after  making  experiments,  urged  that  it  was  possible 
for  a  patient,  at  a  temperature  from  6o°-64°  F.,  to  inhale  an 
atmosphere  containing  more  than  13  per  cent,  of  chloroform 
vapour,  although  but  one  drachm  of  the  anaesthetic  had  been 
sprinkled  upon  lint.  When  we  consider  the  numerous  circum- 
stances which  may  influence  the  percentage  of  vapour  inhaled 
from  a  cloth  moistened  with  chloroform,  we  cannot  help  receiving 
with  some  hesitation  any  statements  made  as  to  the  percentage 
breathed  in  actual  practice.  This  is  indeed  the  weak  point  in  the 
administration  of  chloroform  from  a  folded  towel.  It  is  true 
that  the  risk  of  too  concentrated  a  vapour  may  be  greatly  reduced 
by  providing  for  the  free  access  of  air;  but  should  this  precaution 
be  not  continuously  borne  in  mind,  difficulties  may  arise.  As- 
Sir  J.  Lister  has  pointed  out,  a  large  surface  moistened  with 
chloroform,  such  as  that  which  may  be  presented  to  the  patient 
when  employing  a  folded  towel,  handkerchief,  or  large  piece  of 
lint,  will  supply  a  much  higher  percentage  of  chloroform  in  the 
inspired  air  than  a  smaller  surface.  This  consideration  seems  to 
have  led  Sir  J.  Lister,  of  late  years,  to  use  the  corner  of  a  towel 
drawn  through  a  safety-pin  (Fig.  42,  p.  191),  or  otherwise  con- 
stricted at  a  point  a  few  inches  from  the  corner  itself,  in  pre- 
ference to  a  folded  towel  or  piece  of  lint.  By  using  the  corner 
of  a  towel  in  this  way,  a  concave  mask,  suitable  to  the  size  of  the 
patient,  is  formed,  and  the  anaesthetic  is  added  in  small,  but  not 
too  small  quantities  at  a  time.  In  this  way  the  greater  part  of 
the  mask  becomes  saturated,  and  the  moist  condition  is  main- 
tained till  anaesthesia  is  produced.  The  little  mask  or  cap  should 
extend  from  the  root  of  the  nose  to  the  point  of  the  chin.  This 
is  the  plan  of  administration  which  Sir  J.  Lister  now  employs. 
It  differs  in  no  material  point  from  that  in  which  a  Skinner's  or 
Esmarch's  mask  of  open  shape  is  used.  From  calculations  which 
Sir  J.  Lister  has  made,  he  estimates  the  volume-percentage  of 
chloroform  inhaled  to  be  about  1.2 — a  smaller  percentage  of 
chloroform  vapour  than  that  which  he  calculated  was  inhaled  when 
he  adopted  the  folded  cloth  for  administering  the  anaesthetic. 
Taking  everything  into  consideration  we  may  say,  I  think,  that 
1  Med.  Times  and  Gaz.,  vol.  i.  1870,  p.  436. 
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chloroform  is  best  administered  either  by  means  of  a  Skinner's 
musk,  a  piece  of  lint,  or  the  corner  of  a  towel  drawn  through 
a  safety-pin.    There  is  very  little  difference  in  these  plans. 
Skinner's  mask  (Fig.  40)  has  ihe  advantage  of  retaining  its  shape 


Flo.  40. — Skinner's  Mask. 

somewhat  Ik-Hat  than  a  mask  made  from  lint  or  towel.  It  should  he 
covered  with  a  single  layer1  of  domett,  and  should  have  a  wide  opening 


Fig.  41. — Piece  of  Lint  pinned  up  to  form  a  Mask  for  the  Administration  of  Chloroform. 

From  a  photograph. 


Dr.  Stanley  Tresidder,  of  New  South  Wales,  has  informed  me  that  he 
finds  it  impossible  to  anresthetise  patients  with  a  Skinner's  mask  having  one 
layer  of  flannel.  This  is  probably  due  to  the  higher  temperature  of  the 
climate.  The  average  summer  temperature  is  about  900  F.  He  finds  it  neces- 
sary to  have  two  layers  of  thick  flannel  on  the  Skinner's  mask. 
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for  the  nose  and  mouth,  in  order  to  permit  plenty  of  air  to  gain  access 
to  the  patient. 

It'  lint  be  used,  the  best  plan  is  to  take  a  piece  11  inches  long  and 
7  inches  wide,  to  fold  it  once  over  so  that  the  double  layer  measures 
7  inches  by  5^,  to  pinch  up  between  the  fingers  the  free  double  edge 
opposite  to  the  folded  edge,  and  to  run  a  safety-pin  through  the  pinched 
up  portion  so  that  a  concave  and  fan-shaped  mask  is  formed  (Fig.  41). 


Fig.  42.— Comer  of  Towel  drawn  through  a  8afety-pin.    From  a  photograph. 

The  corner  of  a  towel  drawn  through  a  safety-pin,  as  recommended 
by  Sir  Joseph  Lister,  also  makes  an  excellent  li  1  tie  mask  (Fig.  42\ 


P10.  43.— Drop-Bottle  for  Chloroform. 


The  drop-bottle  ordinarily  used  is  shown  in  Fig.  43.  That  n 
sented  in  Fig.  44  (known  as  Thomas's)  will  be  found  to  be  very 


IQ2 


ANESTHETICS  AND  THEIR  ADMINISTRATION. 


venient  in  practice.1  It  has  a  capacity  of  2  ozs.,  and  is  graduated  from 
above  downwards.  There  is  a  spring  valve  stopper  which  is  worked  by 
the  forefinger  of  the  administrator.  By  a  very  simple  contrivance  this 
spring  valve  or  stopper  may  be  arranged  in  either  of  three  positions. 
It  may  be  arranged  (a)  so  that  no  chloroform  whatever  escapes,  even 
though  pressure  he  made  on  the  button,  or  the  bottle  be  turned  upside 
down  ;  (b)  so  that  chloroform  escapes,  but  only  during  the  time  that  the 
button  is  being  pressed  down ;  or  (c),  so  that,  by  simply  turning  the  bottle 
itpside  down,  chloroform  flows  out  in  a  steady  and  small,  but  not  a 
fitful  stream,  no  pressure  upon  the  button  being  necessary.  The  first 
position  is  the  proper  one  when  the  bottle  is  not  in  use.  The  third 
position  will  be  found  very  convenient  during  the  continuous  adminis- 
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FlG.  45. — Section  of  Spring 
Stopper  of  Thomas's  Drop- 
bottle,  showing  the  three 
positions  in  which  the 
stopper  may  be  arranged. 


FlG.  44. — Thomas's 
Drop-bottle. 

tration  of  chloroform.  The  bottle  may  be  placed  vertically  in  the 
wa  ?coat  pocket,  and  all  that  is  necessary  is  to  remove  it  and  turn  it  up 
for  a moment,  when  the  chloroform  will  readily  escape  without  any  jerki- 
ness  whSever,  and  without  any  pressure  on  the  button  being  made. 

In  using  the  drop-bottle  and  one  of  the  masks  above  recom- 
mended, we  should,  in  the  first  place,  present  to  the  patient  a 
very  diluted  vapour.  We  have  good  evidence  that  the  heroic 
plan  already  discussed  is  not  unattended  by  risk.  But  we  must 
not  lose  sight  of  the  fact  that  a  too  sparing  use  of  the  drug  is 
also  open  to  objection.  A  few  drops  should  be  first  administered 
in  order  not  to  alarm  the  patient  by  any  suffocative  sensations. 

1  This  drop-bottle  is  made  by  Messrs.  Mayer  &  Meltzer.  The  additional 
slot  (Fig.  45,  c)  was  suggested  by  Dr.  Sheppard. 
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The  mask  should  be  gradually  brought  nearer  and  nearer  to  the 
face.  More  of  the  anaesthetic  should  now  be  given,  so  that  a 
distinctly  moistened  surface  results.  Any  holding  of  the  breath 
or  coughing  should  be  met  by  a  partial  withdrawal  of  the  mask. 
The  inhalation  should,  however,  not  be  wholly  discontinued.  An 
endeavour  should,  in  fact,  be  made  to  continuously  give  a  well- 
diluted  vapour.  The  administrator  should  steer  between  the  two 
extremes,  the  rapid  and  the  slow  plans  of  administration.  In 
patients  requiring  large  quantities  of  the  anaesthetic,  it  may  be 
necessary  to  keep  the  mask  quite  moist,  at  all  events  for  the 
major  portion  of  the  administration.  I  have  found  that  by  using 
the  Skinner's  mask  and  drop-bottle  described,  an  average  of 
about  i|or  2  ozs.  of  chloroform  per  hour  is  consumed  by  adult 
subjects,  i.e.,  about  1  drachm  or  a  trifle  more  every  five  minutes. 
Children  and  weakly  patients  require  less  than  this ;  whilst  in 
the  case  of  alcoholic  persons,  &c,  more  will  be  needed.  The 
average  given  is  that  for  the  first  hour.  Less  will  be  required 
for  the  second,  and  less  again  for  the  third  hour,  should  the 
operation  be  of  this  duration. 

Dr.  Kirk  1  has  drawn  attention  to  the  bad  practice  of  wholly 
withdrawing  chloroform  after  once  the  administration  has  been 
started,  i.e.,  of  administering  it  in  an  intermittent  fashion;  and 
he  attributes  many  of  the  chloroform  fatalities  which  have  been 
recorded  to  this  error.  He  puts  forward  a  theory  to  explain  the 
clinical  phenomena  which  he  has  observed.  He  believes  that  the 
withdrawal  of  chloroform  during  partial  anaesthesia  leads  to  a 
'  rebound '  of  the  circulation  which  terminates  in  syncope ;  but 
the  facts  upon  which  he  bases  his  views  are  so  meagre  that  we 
are  hardly  justified  in  arguing  from  them.  Moreover,  the  fatal 
cases  which  he  has  selected  to  support  his  theory  are,  to  my 
mind,  capable  of  being  equally  well  explained  on  more  probable 
grounds,  e.g.,  reflex  shock  from  the  operation  during  imperfect 
anaesthesia,  syncope  during  vomiting,  &c.  An  intermittent  and 
sparing  administration  of  chloroform  is  undoubtedly  objection- 
able, and  possibly  dangerous  in  some  cases.  When  chloroform 
is  given  in  very  small  doses,  swallowing,  holding  the  breath, 
and  exhaustion  from  struggling,  coughing,  and  vomiting  are 
all  liable  to  arise,  and  the  asphyxiated  state  thus  induced  may, 
as  we  know,  prove  a  source  of  danger.  All  such  phenomena  are 
avoided  by  a  more  liberal  use  of  the  drug. 

Chloroform  may  be  administered  to  children  during  sleep.2 

1  'A  New  Theory  of  Chloroform  Syncope,'  by  Dr.  R.  Kirk.  See  also  a 
review  of  the  book  in  the  Brit.  Med.  Journ.,  March  21,  1891,  p.  649. 

2  See  Lancet,  vol.  ii.  1872,  pp.  514,  549.  See  also  a  letter  from  Dr.  John 
G.  Marshall  in  Lancet,  April  24,  1886. 
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I  have  only  once  adopted  this  course,  but  the  result  was  very 
satisfactory.  The  little  child,  a  sufferer  from  enlarged  tonsils, 
was  asleep  in  its  bed  and  breathing  noisily.  I  added  a  drop  or 
two  of  chloroform  at  a  time  to  a  Skinner's  mask  at  some  dis- 
tance from  the  face.  An  occasional  act  of  deglutition  occurred, 
altering  the  rhythm  of  breathing,  but  this  passed  off,  and  with- 
out any  movement  whatever,  the  corneae  soon  became  insensitive. 
The  operation  was  then  performed ;  and  the  child  slept  for  some 
hours  after. 

Numerous  other  inhalers  besides  those  already  referred  to  have 
been  devised  ;  but  space  will  not  permit  of  reference  to  them. 
Most  of  them  have  one  serious  objection,  viz.,  that  they  possess 
a  face-piece  intended  to  accurately  fit  the  face  of  the  patient. 
There  is,  however,  one  inhaler  to  which  reference  must  be  made 
— that  of  Dr.  Junker.  This  ingenious  apparatus  is  of  special 
use  in  the  surgery  of  the  mouth  and  nose ;  for  chloroform  vapour 
may  be  pumped  through  a  narrow  tube  into  the  buccal  or  nasal 
cavities,  and  anaesthesia  thus  be  satisfactorily  maintained. 

Junker's  inhaler  was  originally  intended  by  its  inventor  for 
the  administration  of  'bichloride  of  methylene.'    The  principle  of 

the  apparatus  is  simple. 
Air  is  pumped  by  means 
of  a  hand-bellows  and 
tubes  through  chloroform, 
and  the  air,  carrying  with 
it  a  varying  quantity  of 
vapour,  is  transmitted  to 
a  loosely  fitting  face-piece. 
Fig.  46  shows  the  original 
pattern  of  the  inhaler.1 
The  bottle  for  the  chloro- 
form is  graduated  to  hold 
from  1  to  8  drachms,  and 
having  been  charged  with 
somewhat  less  than  the 
latter  quantity,  is  sus- 
pended by  a  little  hook 
Fig.  46. -Junker's  Apparatus:  original  pattern.        fl.Qm  ^  coat  of  |he  a(j. 

ministrator.  Air  is  pumped  through  the  anaesthetic  by  means  of  the 
hand-bellows,  an  india-rubber  tube,  and  a  long  metal  tube  passing 


1  Although  Junker's  apparatus  when  carefully  used  probably  lessens  the 
risk  of  chloroform  narcosis,  several  deaths  have  occurred  in  connection  with 
its  employment.  It  is  not  a  suitable  iuhaler  for  infants  or  young  children, 
unless  the  chloroform  be  considerably  diluted  with  alcohol.  For  an  account 
of  fatal  cases  see  Brit.  Med.  /own,  Sept.  29,  18S8,  p.  719  ;  Sept.  15, 
1888,  p.  625  ;  Dec.  21,  1889,  p.  140;  July  31,  1889,  p.  88;  June  10,  1S82, 
p.  889. 
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to  the  bottom  of  the  chloroform  bottle.  The  metal  tube  is  only  partly 
seen  in  the  drawing.  The  air,  laden  with  chloroform  vapour,  escapes 
from  the  bottle  by  a  short  metal  tube  at 
its  upper  part,  connected  with  an  india- 
rubber  tube  terminating  in  a  face-piece. 
The  india-rubber  tube  leading  1'rom  the 
bellows  to  the  bottle  may  be  termed  the 
afferent  or  bellows-tube  ;  that  leading  from 
the  bottle  to  the  face-piece  may  be  termed 
the  efferent  or  face-piece  tube.  The  face- 
piece  is  usually  made  of  vulcanite  or 
leather  ;  but  latterly  a  kind  of  Skinner's 
mask,  shaped  to  the  face,  has  been  intro- 
duced, and  I  believe  answers  well.  Vul- 
canite and  leather  face-pieces  should  not 
be  furnished  with  air-cushions,  as  they 
are  not  intended  to  fit  the  face  accurately. 
Whatever  form  of  face-piece  is  used,  it 
is  important,  in  the  event  of  it  adapting 
itself  more  or  less  closely  to  the  features, 
that  fresh  air  should  enter  and  expired 
air  escape,  with  the  utmost  freedom. 
When  it  is  desired  to  keep  up  chloroform 
anesthesia  without  employing  a  face- 
piece,  as  in  certain  mouth  and  nose 
operations,  the  face-piece  may  be  discon- 
nected, and  the  efferent  tube,  usually 
terminating  in  a  bent  metal  mount  similar 
to  that  shown  in  Fig.  49,  p.  199,  may  be 
passed  into  the  buccal  or  nasal  cavity,  or 
it  may  be  connected  to  the  Mason's  gag 
shown  in  Fig.  50,  p.  199.  When  the 
hand-bellows  is  worked,  air  will  be  heard 
to  bubble  up  through  the  chloroform. 
It  is  important,  in  using  the  inhaler,  to 
see  that  the  afferent  and  efferent  tubes 
are  attached  to  the  right  metal  tubes  of 
the  bottle.  It  is  also  important  not  to 
have  more  than  5  or  6  drachms  of  chlo- 
roform in  the  bottle,  otherwise  some  of 
the  liquid  may  possibly  gain  access  to  the 
efferent  tube.  And,  lastly,  care  should  be 
taken  lest  the  bottle  containing  the  chloro- 
form becomes  tilted  during  the  adminis- 
tration. 

It  has,  on  more  than  one  occasion,  hap- 
penened  that,  by  an  oversight,  the  india- 
rubber  tubes  have  been  adapted  to  the 

wrong  metal  tubes  of  the  bottle  containing  the  chloroform.  The 
result  has  been  that  the  liquid  chloroform  has  been  pumped  into 
the  face-piece,  and  in  some  cases  into  the  nose  or  mouth  of  the 


Pig.  47. —Junker's  Apparatus 
modified  to  prevent  certain  acci- 
dents which  may  arise  with  the 
ordinary  inhaler. 
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patient.1  A  somewhat  similar  accident  lias  also  been  known  to  occur 
by  the  chloroform  bottle  becoming  tilled  during  the  administration. 
As  one  or  two  fatalities  have  arisen  from  these  accidents  I  thought 
it  worth  while  to  modify  the  inhaler  with  the  object,  not  only"  of 
preventing  the  possibility  of  the  tubes  being  wrongly  adjusted,  but 
of  rendering  the  bottle  less  likely  to  become  tilted  during  use.  Fig. 
47  shows  this  modification.  Air  enters  as  usual  through  the  hand- 
bellows.  The  afferent  india-rubber  tube  is  made  much  larger  than 
that  ordinarily  used,  and  the  same  may  be  said  of  the  long  metal 
tube  of  the  bottle  with  which  it  becomes  continuous.  The  efferent 
system  commences  in  the  wall  of  this  long  metal  tube  at  the  little 


Fig.  48. — Modified  Junker's  Inhaler  in  use.    From  a  photograph. 


orifice  shown.  From  this  orifice  the  efferent  tube  passes  through  the 
larger  afferent  one,  and  emerges  at  the  hand-bellows.  Arrows  show 
the  direction  of  the  currents.  The  air  entering  the  bellows  passes  along 
in  the  afferent  tube  system  and  bubbles  up,  as  shown,  through  the 
chloroform.  It  then  escapes  by  the  efferent  system.  The  apparatus 
is  conveniently  worked,  as  represented  in  Fig.  48.   By  this  modification 


1  Death  has  resulted  in  more  than  one  case.  On  one  occasion  tracheotomy 
became  necessary  in  order  to  restore  respiration  after  liquid  chloroform  had 
thus  gained  entrance  to  the  upper  air-passages. 
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in  Junker's  apparatus  there  is  no  possibility  of  the  flexible  tubes  being 
interchanged  ;  and  as  a  kind  of  collar  is  formed  by  the  little  chain 
shown,  there  is  no  likelihood  of  the  bottle  becoming  tilted  during  the 
administration. 

Other  modifications  Lave  been  made  in  this  inhaler.  In  addition  to 
the  replacement  of  the  vulcanite  face-piece  by  the  flannel  mask,  Messrs. 
Krohne  &  Sesemann  have  interposed  in  the  afferent  rubber  tube  a  little 
.stopcock  ;  and  when  this  is  nearly  closed  it  offers  such  obstruction  to 
the  bellows  that  a  more  or  less  equable  chloroform  vapour  is  con- 
tinuously transmitted.  These  makers  have  also  added  a  feather  to  the 
vulcanite  face-piece,  so  that  the  respiration  of  the  patient  may  be 
observed.  Dr.  Dudley  Buxton  has1  replaced  the  hand-bellows  by  a 
foot-bellows,  and  has  added  a  little  funnel-shaped  filling  tube  to  the 
top  of  the  bottle,  so  that  chloroform  may  be  introduced  during  an 
administration  without  any  unscrewing.  Mr.  Carter  Braine  has  devised 
a  bottle  which  admits  of  being  placed  in  any  position  without  the 
chance  of  chloroform  gaining  access  to  the  efferent  tubes.2 

It  is  practically  impossible  to  say  what  percentage  of  chloroform 
vapour  is  usually  inhaled  from  the  mask  of  Junker's  apparatus.  The 
percentage  will  depend  upon  a  variety  of  circumstances.  Foremost 
among  these  must  be  mentioned  the  quantity  of  air  taken  in  with  each 
inspiration.  All  kinds  of  breathing  are  met  with  during  chloroformisa- 
tion,  from  the  deep  regular  respiration  of  the  broad-chested  and  stalwart 
patient,  to  the  feeble  and  almost  imperceptible  breathing  of  the  ill- 
developed  and  fragile  individual.  Moreover,  respiration  may  vary  in 
amplitude  from  time  to  time  in  the  same  patient,  even  though  the  same 
level  of  anaesthesia  be  maintained.  The  next  most  important  factor 
is  probably  the  manner  in  which  the  face-piece  fits,  or  the  degree 
to  which  air  gains  admission  through  it  when  it  is  adapted  accurately 
to  the  features.  Then  we  must  take  into  account  the  temperature  of 
the  chloroform  at  the  time ;  and  this  will  greatly  depend  upon  the 
rapidity  with  which  the  air  is  forced  throitgh  the  liquid.  Professor 
Zengerle  of  Constanz  has  conducted,  at  Kappeler's  reqitest,  some  inte- 
resting experiments  on  this  point.3    I  reproduce  his  figures. 


Experiment. 

Compressions  of 
Bellows  per  Minute. 

Quantity  of  Air 
Supplied. 

Chloroform  Evaporated. 

I 

I20 

4  litres 

•7  gm. 

2 

60 

2.2  ,, 

1.2  „ 

3 

40 

1.6  „ 

i-4 

4 

30 

1.2  ,, 

i.S 

5 

24 

1.0  ,, 

1.6  „ 

6 

20 

•9  ,, 

i-7  „ 

7 

17 

•8  „ 

i-7  ., 

8 

IS 

•7  „ 

i-7 

1  Op.  cit.,  p.  113. 

-  Brit.  Med.  Journ.,  June  25,  1892,  p.  1364. 
3  Kappeler's  '  Anaesthetica.' 
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The  temperature  of  the  chloroform  used  was  63°.5  F.  From  these 
experiments  it  is  concluded  that  the  speed  of  pumping  is  in  inverse  ratio 
to  the  percentage  of  chloroform  in  the  issuing  air — a  point  of  some  import- 
ance in  practice.  Lastly,  the  temperature  of  the  room  will  also  exert 
a  slight  influence.  But,  although  the  percentage  of  chloroform  vapour 
inhaled  must  vary  very  widely  according  to  the  circumstances  mentioned, 
it  may  not  be  out  of  place  to  venture  upon  the  following  rough  calcula- 
tion, in  order  to  obtain  an  idea  of  the  percentage  of  vapour  inhaled 
under  certain  of  the  above  circumstances.  Given  that  the  respiration 
of  the  patient,  so  far  as  the  free  access  of  air  is  concerned,  is  unimpeded  ; 
that  he  breathes  at  the  rate  of  24  per  minute  ;  that  he  inhales  540  cubic 
inches  of  air  per  minute  (Lister) ;  that  the  bellows  of  the  inhaler  is 
compressed  only  during  each  inspiration,  so  that  all  the  chloroform 
vapour  is  inspired  ;  and  that  1  grain  of  chloroform  produces  .767  cubic 
inches  of  vapour  at  60°  F.  (Snow) ;  then,  applying  Zengerle's  table,  an 
atmosphere  of  3.5  per  cent,  of  chloroform  vapour  will  be  breathed  by 
the  patient.  In  this  calculation  it  is  taken  for  granted  that  all  the 
chloroform  evaporated  by  each  pump  of  the  bellows  is  inhaled.  Should 
the  face-piece  fit  loosely,  some  would  escape,  and  the  same  would  occur 
if  the  pumping  were  not  accurately  timed  with  inspiration.  Under 
these  latter  circumstances,  the  percentage  of  vapour  inhaled  would  be 
less  than  3.5.  On  the  other  hand,  should  the  breathing  be  shallow, 
and  not  more  than  200  cubic  inches  of  air  be  inspired  per  minute,  a 
considerably  higher,  and  possibly  a  dangerous  percentage  of  vapour 
would  result. 

In  using  Junker's  inhaler  the  administrator  must  first  see  that 
it  is  in  good  working  order  ;  he  should  invariably  test  it  before  he 
commences  the  administration.  Having  satisfied  himself  that  it 
works  properly,  he  should  at  first  hold  the  face-piece  at  some 
little  distance  from  the  face,  and  should  gently  compi-ess  the 
bellows.  He  will  soon  see  whether  his  patient  can  breathe  with- 
out discomfort  the  vapour  he  thus  presents  to  him.  The  bellows 
should  be  compressed  during  the  inspiratory  phase  of  breathing. 
Gradually  the  face-piece  should  be  brought  closer  to  the  face. 
By  avoiding  jerkiness  in  pumping,  and  by  more  or  less  rhythmi- 
cally compressing  the  bellows,  a  tolerably  constant  chloroform 
atmosphere  may  be  maiutained.  Rapid  pumping,  as  above 
pointed  out,  is  open  to  objection.  When  more  chloroform  seems 
indicated,  the  face-piece  should  be  more  continuously  or  more 
closely  applied ;  when  less  is  required,  the  face-piece  should  be 
removed  for  longer  periods,  or  should  be  only  lightly  kept  over 
the  face. 

Junker's  apparatus  is  very  useful  in  operations  within  or  about 
the  mouth,  nose,  or  pharynx.  As  already  mentioned  (p.  34),  it 
is  best  in  these  cases  to  first  secure  deep  ether  anaesthesia,  and 
then  to  continue  with  Junker's  inhaler  when  the  patient  com- 
mences to  emerge  from  the  ether  narcosis.    Should  the  admini- 
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stratov  decide  on  this  course,  he  should  give  the  chloroform 
vapour,  through  the  mouth  or  nose,  by  means  of  a  metal  tube  or 
silk  catheter  attached  to  the  efferent  rubber  tube  of  the  inhaler. 
I  find  a  silk  catheter  of  great  use  for  passing  through  the  nostril 
to  the  back  of  the  pharynx.  When  a  mouth-tube  is  used,  that 
shown  in  Fig.  49  will  be  found  useful.    It  is  made  of  hard  metal, 


Fig.  49. — Bent  Metal  Month -Tube,  for  transmission  of  chloroform  vapour  from 
Junker's  Inhaler.  (Half-size.) 


and  is  of  large  bore.  Tubes  made  of  soft  metal,  especially  if  of 
small  bore,  are  liable  to  become  so  bent  that  obstruction  results. 
When  the  mouth  is  to  be  used  for  the  introduction  of  the  vapour, 
I  find  the  arrangement  shown  in  Fig.  50,  made  for  me  by  Messrs. 
Krohne  &  Sesemann,  to  be  very  convenient.    Bent  metal  tubes 


Fig.  50. — Mason's  Gag  furnished  with  Metal  Tubes  for  transmission  of  chloroform 
vapour  to  back  of  mouth. 

are  brazed  to  the  arms  of  an  ordinary  Mason's  gag,  and  to  one 
of  these  tubes  the  india-rubber  piping  of  Junker's  apparatus  is 
attached.1    The  chloroform  vapour  is  thus  transmitted  to  the 

1  I  described  this  arrangement  in  the  Lancet  of  Jan.  10,  1891,  p.  81  : 
'  Remarks  on  the  Administration  of  Anaesthetics  in  Oral  and  Nasal 
Surgery.' 


200 


ANESTHETICS  AND  THEIR  ADMINISTRATION. 


back  of  the  throat  along  the  arms  of  the  gag,  as  represented  in 
Fig.  51.  It  is  necessary  to  remember  in  using  this  arrange- 
ment that  unless  the  gag  be  adjusted  far  back  in  the  mouth 
the  chloroform  vapour  may  not  reach  the  larynx  in  sufficient 
strength  to  keep  up  good  anesthesia,  more  especially  in  patients 
requiring  much  chloroform.  In  those  cases  in  which  the 
surgeon  wishes  the  patient's  head  to  be  turned  completely 
upon  its  side  in  order  that  he  may  operate  upon  the  cheek  or 
jaw  thus  rendered  easily  available,  some  difficulty  in  keeping 


Fig.  51. — Gag  of  Fig.  50  in  position.    From  a  photograph. 


a  gag  in  position  may  be  met  with.  It  is  obvious,  in  the 
first  place,  that  some  form  of  gag  is  necessary ;  and,  in  the 
second  place,  that  the  gag  should  be  upon  that  side  of  the  mouth 
which  is  lying  against  the  pillow.  A  Mason's  gag  almost 
invariably  becomes  dislodged  in  these  cases  by  reason  of  its 
arms  resting  upon  the  pillow.  I  have  found  the  gag  of  Fig.  52 
(made  for  me  by  Messrs.  "Weiss  &  Son)  to  be  useful  on  these 
occasions.  It  should  be  inserted  between  the  canine  or  first 
bicuspid  teeth  on  that  side  which  is  to  lie  upon  the  pillow.  By 
rotating  the  wheel  at  the  end,  the  mouth  can  be  opened  to 
any  desired  extent,  and  a  mouth  or  nose  tube  used  to  keep  up 
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B.  THE  EFFECTS  PRODUCED  BY  THE  ADMINISTRATION 

OF  CHLOROFORM. 

There  is  certainly  no  therapeutic  agent  which  has  given  rise 
to  so  much  discussion  and  controversy  as  chloroform.  It  is, 
indeed,  a  curious  fact  that  such  totally  opposite  views  respecting 
the  merits  and  demerits  of  this  anaesthetic  should  have  prevailed 
for  so  long  a  period.  Whilst  no  one  can  deny  the  very  great 
advantages  of,  and  even  the  necessity  for,  chloroform  in  certain 
cases,  opinions  are  still  divided  as  to  the  suitability  of  this  agent 
for  general  surgical  purposes.  Although  we  deplore  the  absence 
of  that  unanimity  which  undoubtedly  should  exist  on  so  vital  a 
question,  we  may  with  certainty  affirm  that  we  are  at  last  within 
a  short  distance  of  the  termination  of  this  chaotic  controversy. 
We  have  not  arrived  at  this  desirable  point  by  reason  of  any 
great  assistance  that  we  have  received  from  the  physiological 
laboratory,  but  in  consequence  of  the  increasing  and  overwhelm- 
ing weight  of  clinical  facts.  Whilst  physiological  researches  upon 
the  lower  animals  have,  if  anything,  tended  to  make  the  ether  v. 
chloroform  balance  swing  towards  chloroform,  bedside  observation 
has  had  an  exactly  opposite  effect,  and  has  pointed  to  ether  as  a 
far  safer  and  better  anaesthetic  for  routine  use.  (See  '  Selection 
of  the  Anaesthetic,'  p.  65.)  To  attempt  to  present  to  the  reader 
an  intelligible  summary  of  the  numerous,  but  unfortunately  con- 
flicting, physiological  researches  which  have  been  made  concerning 
the  modus  operandi  of  chloroform  would  be  out  of  place  in  a  work 
of  this  kind.  We  are  only  concerned  with  the  practical  aspect  of 
the  chloroform  question.  We  have,  in  fact,  to  consider  the  effects 
of  this  agent  from  a  clinical  stand-point;  to  carefully  study  the 
various  phenomena  which  make  their  appearance  during  its 
administration  ;  to  compare  the  chloroform  with  the  ether  anaes- 
thesia, and  mark  the  similarities  and  dissimilarities;  to  investi- 
gate as  far  as  lies  in  our  power  the  nature  and  mode  of  onset  of 
those  dangerous  symptoms  which  occasionally  arise  during  the 
inhalation  ;  to  inquire  what  influence  the  performance  of  an  opera- 
tion has  in  modifying  the  usual  phenomena  of  the  administration  : 
in  a  word,  to  bring  to  a  focus  the  rays  of  light  which  have  been 
generated  by  prolonged  practical  experience  and  observation. 

The  phenomena  of  chloroform  anesthesia  are  in  their  main 
features  so  similar  to  those  which  have  been  already  described  as 
characterising  the  use  of  ether,  that  it  will  probably  be  better 
to  compare  the  former  with  the  latter  than  to  specially  describe 
the  phases  through  which  the  patient  passes  whilst  inhaling 
chloroform. 
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First  Degree  OP  Stage. — The  vapour  of  chloroform  is  more 
pleasant  to  inhale  than  that  of  ether.  When  given  with  a  copious 
supply  of  air,  the  sense  of  suffocation,  which  is  not  infrequently 
complained  of  with  ether,  is  reduced  to  a  minimum.  Swallowing, 
coughing,  holding  the  breath,  &c,  symptoms  which  almost  in- 
variably attend  the  administration  of  ether  by  the  open  method, 
are  rarely  observed  with  chloroform.  In  other  respects  the 
initial  phenomena  are  identical  in  the  two  cases. 

Second  Degree  OP  Stage. — If  we  compare  the  open  methods 
of  administering  the  two  anaesthetics,  we  may  say  that  mental 
and  muscular  excitement  are  somewhat  less  common  with  chloro- 
form than  with  ether.  But  if  we  compare  the  open  mode  of 
administering  the  former  with  the  usual  (close)  plan  of  exhibiting 
the  latter,  we  may  unhesitatingly  state  that  ether  has  very  great 
advantages  over  chloroform  in  this  direction.  Shouting,  gesticu- 
lation, screaming,  &c,  are  all  more  common  under  chloroform  than 
under  ether,  provided  the  latter  is  properly  administered  by 
means  of  a  close  inhaler.  Muscular  and  alcoholic  subjects,  as 
well  as  hysterical  and  excitable  patients,  may  give  a  little  trouble 
during  the  period  of  rigidity,  not  only  by  incoherently  gesticulat- 
ing and  attempting  to  rise  into  the  sitting  posture,  but  by  holding 
the  breath,  moving  the  arms  and  legs,  &c.  Prolonged  tonic 
spasm  should  make  the  administrator  cautious,  and  though  he 
should  not,  as  a  rule,  discontinue  the  administration,  he  should 
not  too  rashly  push  the  drug.  An  occasional  breath  of  fresh  air 
should  be  allowed,  and  the  inhalation  should  be  entirely  suspended 
for  a  few  moments  should  any  clonic  movements  appear.  The 
fine  tremor  which  is  occasionally  met  with  under  ether  (see  p.  154) 
does  not  occur  with  chloroform.  The  frequency  of  temporary 
respiratory  embarrassment  in  vigorous  patients  under  chloroform 
probably  helps  to  explain  the  comparative  frequency  of  fatalities 
in  such  patients  early  in  the  administration.  A  continuous,  and 
yet  not  too  sparing  an  administration,  with  the  careful  avoid- 
ance of  that  strength  of  vapour  which  might  cause  '  holding  of 
the  breath,'  will,  in  most  cases,  ensure  an  absence  of  inconve- 
nient struggling  and  hampered  breathing.  There  can  be  no 
doubt,  that  when  all  the  muscles  of  the  body  are  contracted 
and  the  respiratory  movements  for  the  moment  suspended,  the 
right  heart  is  somewhat  over-full,  and  air  is  needed  in  order 
to  allow  of  that  free  pulmonary  circulation  which  is  essential  for 
the  escape  of  the  imprisoned  blood  to  the  left  cavities.  In  this 
way  the  irregular  breathing  which  marks  the  second  stage  in 
certain  subjects  passes  quietly  and  satisfactorily  away,  and  leaves 
a  softly  snoring  form  of  respiration  which  indicates  the  approach 
or  actual  presence  of  the  third  degree  of  anesthesia. 
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It  occasionally  happens,  however,  that  instead  of  the  respira- 
tion undergoing  the  usual  changes  here  described,  it  becomes 
inaudible  and  almost  imperceptible.  There  can  be  no  doubt,  that, 
as  a  general  rule,  this  kind  of  bi'eathing  is  the  result  of  too 
cautious  and  too  sparing  a  use  of  the  anaesthetic;  and  that  by  a 
bolder  administration  (see  p.  193)  it  may  be  obviated.  Should 
this  unsatisfactory  form  of  breathing  once  become  well  estab- 
lished, however,  the  administrator  may  have  some  difficulty  in 
getting  out  of  the  dilemma  which  he  himself  has  created.  The 
shallow  movements  prevent  a  free  entrance  of  the  vapour,  and 
the  advent  of  true  anaesthesia  is  thereby  delayed.  So  far  as  my 
own  experience  goes,  I  am  inclined  to  regard  the  shallow  breathing 
(which  is  not  infrequently  associated  with  some  pallor  and  feeble- 
ness or  slowness  of  pulse)  as  an  indication,  at  all  events  in  many 
cases,  of  a  tendency  to  vomit,  although  others  place  a  different 
interpretation  upon  it.  If  the  administration  be  carefully  con- 
tinued, the  symptoms  may  often  be  dispelled,  and  vomiting 
averted  :  the  breathing  will  become  deeper,  and  the  colour  and 
pulse  better.  Sometimes,  however,  it  is  difficult  or  impossible  to 
get  the  patient  out  of  the  condition  without  vomiting  occurring. 
Should  the  anaesthetic  be  entirely  withheld,  the  latter  event  will 
be  particularly  liable  to  take  place,  and,  after  retching  movements 
have  subsided,  the  colour  will  return,  and  no  further  trouble  will 
be  experienced. 

In  some  instances  loud  palatal  stertor  comes  on  early  in  the 
second  stage,  and  should  be  disregarded,  as  it  does  not  indicate 
the  profound  anaesthesia  which  it  might  suggest.  In  others,  the 
respiration  is  very  deep  and  hurried  throughout,  but  such  cases 
are  exceptional. 

The  behaviour  of  the  circulation  will  depend  upon  many 
circumstances.  In  most  cases  there  is  a  tendency,  as  surgical 
anaesthesia  approaches,  for  the  initial  acceleration  of  the  pulse 
to  gradually  subside,  and  for  a  full  regular  pulse  of  about  the 
normal  rate  to  become  established.  Any  interference  with  free 
respiration,  such  as  that  which  would  arise  from  tonic  spasm  of 
the  respiratory  muscles  during  the  period  of  excitement,  reflex 
laryngeal  closure,  &c,  will  very  quickly  and  markedly  modify 
the  rate,  regularity,  and  fulness  of  the  pulse.  The  swallowing, 
coughing,  retching,  and  vomiting,  which  are  prone  to  arise  when 
chloroform  is  improperly  administered,  are  one  and  all  similarly 
liable  to  interfere  with  cardiac  action.  As  nothing  is  so  favour- 
able to  the  occurrence  of  these  symptoms  as  an  intermittent  and 
sparing  use  of  the  anaesthetic,  we  can  readily  understand  the 
occasional  existence  of  a  feeble  pulse  comparatively  earty  in 
chloroform  administration.    The  half-asphyxiated  condition  into 
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which  a  patient  passes  when  his  air-way  is  intermittently  oc- 
cluded, or  rendered  temporarily  useless  for  respiratory  purposes 
in  consequence  of  muscular  spasm,  rapidly  tends  to  embarrass 
his  heart's  action  during  the  inhalation  of  chloroform.  As 
already  mentioned,  there  is  not  nearly  the  same  liability  to  these 
results  under  ether.  The  important  effects  upon  circulation  de- 
pendent upon  the  commencement  of  an  operation  during  this 
stage  of  anaesthesia  will  be  fully  considered  below  (p.  227). 

The  pupils  during  this  part  of  the  administration  are,  as  a 
general  rule,  mobile  and  more  or  less  dilated.  They  react  slug- 
gishly or  possibly  not  at  all  to  light.  As  the  third  stage  of  anaes- 
thesia approaches  they  usually  show  a  marked  tendency  to  become 
smaller  and  more  fixed.  I  find  in  Dr.  Sheppard's  notes  53  cases 
in  which  the  pupil  was  observed  before  full  chloroform  anaesthesia 
was  established.  In  26  it  was  "  moderately  dilated  "  or  "  dilated 
in  15  "moderately  contracted;"  and  in  12  "contracted." 

Third  Degree  OP  Stag'O. — The  phenomena  of  deep  surgical 
anaesthesia  under  chloroform,  when  uncomplicated  and  satisfac- 
torily developed,  are  very  similar  to  those  which  have  been 
described  as  occurring  with  ether.  There  are,  however,  certain 
remarkable  differences. 

The  respiration  is  usually  regular,  softly  snoring,  and  some- 
what quicker  and  deeper  than  normal.1  Generally  speaking,  more 
of  the  anaesthetic  will  produce  a  louder  stertor;  and  less  will 
lead  to  quieter  breathing.  In  some  cases  there  is  loud  stertor, 
whilst  in  others  the  respiration,  though  satisfactorily  performed, 
is  almost  or  wholly  inaudible.  Plethoric,  flabby,  and  stout  sub- 
jects are  more  liable  to  stertor  than  others,  and  in  these  especi- 
ally the  jaw  may  have  to  be  kept  pushed  well  forwards  in  order 
to  maintain  free  respiration  (see  p.  291).  There  is,  however, 
with  chloroform  not  quite  so  great  a  tendency  to  rigidity  of 
the  masseters  and  adjacent  muscles  as  there  is  with  ether, 
and  it  is  therefore  less  common  to  have  to  keep  the  jaw  for- 
wards during  the  administration.  When  the  respiration,  in- 
stead of  being  loudly  audible,  is  very  quiet  or  even  inaudible, 
as  it  may  be  without  any  cause  for  anxiety,  the  adminis- 
trator will  usually  find  it  possible  to  induce  a  soft  snoring  sound 
by  pressing  the  lower  jaw  backwards.  The  respiratory  move- 
ments under  chloroform  are  not,  as  a  rule,  so  deep,  so  quick,  or 
so  noticeable  as  those  met  with  under  ether;  and  hence  some 
doubt  may  occasionally  be  felt  as  to  the  efficiency  of  the  breath- 

1  All  varieties  of  respiration  may  be  met  with.  I  have,  for  example,  notes 
of  a  case  in  which,  during  deep  anaesthesia  for  an  abdominal  section,  the 
patient — a  female  aged  42,  of  average  appearance — breathed  at  the  rate  of 
62  per  minute. 
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ing.  There  are  various  circumstances  which  may  modify  respi- 
ration during  chloroform  inhalation,  even  though  an  anaesthesia 
of  considerable  depth  be  present.  The  commencement  of  the 
operation  will,  for  example,  usually  cause  deeper  respiratory 
action,  more  especially  if  the  administrator  has  not  secured  full, 
regular,  and  slightly  snoring  breathing  before  the  knife  is  em- 
ployed. A  crowing  laryngeal  sound,  moreover,  is  prone  to 
accompany  inspiration  in  some  cases.  This  sound  indicates  a 
tendency  to  closure  of  the  larynx,  probably  at  its  superior  aper- 
ture. I  have  met  with  it  principally  in  abdominal  section,  and 
in  operations  upon  the  genito-urinary  organs.  As  will  subse- 
quently be  pointed  out,  this  tendency  to  reflex  laryngeal  closure, 
which  is  known  by  a  high-pitched  crowing  noise,  may  constitute 
a  source  of  trouble  in  chloroform  administration.  Looked  at 
from  all  points  of  view,  the  respiration  during  deep  chloroform 
anaesthesia,  though  favourable  by  reason  of  its  comparative  tran- 
quillity to  the  performance  of  many  operations,  is  not  as  satisfac- 
tory as  the  respiration  under  ether.  Whilst  the  breathing  of  the 
patient  under  chloroform  is  occasionally  difficult  of  appreciation, 
that  of  a  patient  under  ether  is  always  obvious  to  the  administrator, 
usually  distinctly  audible,  and  a  never-failing  guide  in  case  of  doubt. 

Much  discussion  has  arisen  concerning  the  circulation  in  deep 
chloroformisation.  Those  who  have  been  accustomed  to  the 
excited  cardiac  action,  the  bounding  and  somewhat  accelerated 
pulse,  and  the  general  vascular  fulness 1  of  etherisation,  will  be 
struck  by  the  comparatively  sluggish  circulation  of  the  patient 
under  chloroform.  That  the  heart's  action  under  the  latter 
anaesthetic  is  in  most  cases  sufficiently  well  maintained,  there  can 
be  no  doubt.  When  the  administration  has  been  conducted  in 
the  proper  manner,  and  temporary  cardiac  depression  consequent 
upon  too  sparing  a  use  of  chloroform,  or  upon  respiratory  em- 
barrassment, has  been  avoided,  the  administrator  will  find  that 
the  pulse  becomes  slower  and  steadier  than  it  was  during  the  first 
and  second  stages,  and  that  it  settles  down  to  about  the  normal 
rate  or  even  less  than  this.2    It  is  not  unusual  to  find  the  almost 

1  Surgeons  who  have  for  many  years  operated  under  chloroform,  often  bear 
excellent  testimony  to  the  more  vigorous  circulation  of  ether,  in  their  com- 
plaints as  to  the  greater  vascularity  when  operating  under  the  latter  agent. 

2  An  abnormally  slow  pulse  may  point  to  an  unnecessarily  deep  anaesthesia. 
I  have  frequently  found  that  when  the  pulse  is  very  slow  less  of  the  anaes- 
thetic will  increase  its  rate.  A  normally  slow  pulse  will  still  be  slow  during 
deep  anaesthesia.  I  have  known  a  pulse  of  46  per  min.  throughout  the  ad- 
ministration, the  patient,  a  woman  of  75  years,  normally  possessing  a  slow 
pulse.  In  20  patients  in  whom  Kappeler  compared  the  pulse  of  deep  chloro- 
form anesthesia  with  that  observed  a  few  hours  before  the  administration 
when  the  patient  was  not  excited,  he  found  a  diminution  in  rate  of  from  4  to 
30  beats  per  min.    Thus,  in  a  child  of  12,  a  pulse  of  So  fell  to  50  ;  in  a  man 
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imperceptible  pulse  of  a  feeble  subject  grow  markedly  stronger 
under  the  finger  as  surgical  anaesthesia  approaches. 

During  deep  chloroform  anaesthesia  the  eyeballs  are  either 
fixed,  or  one  may  be  fixed  whilst  the  other  slowly  moves,  or  both 
may  slowly  move.  The  loss  of  associated  movements  was  pointed 
out  by  Dr.  F.  Warner1  in  1877,  and  generally  indicates  a  con- 
siderable and  proper  depth  of  narcosis.  The  eyeballs,  if  fixed, 
are  usually  in  the  horizontal  plane. 

The  pupil  during  the  stage  of  surgical  anaesthesia  under  chloro- 
form has  given  rise  to  much  comment,  and  is  well  worthy  of 
careful  study.  Budin  and  Coyne  were  the  first  to  direct  particular 
attention  to  the  pupil  as  a  guide.  All  observers  agree  that  it  is 
usually  contracted  in  deep  chloroform  anaesthesia ;  but  the  term 
'moderately  contracted'  seems  to  me  to  be  more  appropriate. 
By  taking  measurements  with  a  pupillometer,2  I  find  that  in 
most  cases  the  pupil  measures  from  2  to  3  mm.  in  diameter 
(♦  to  £),  usually  being  about  2\  mm.  (0).  The  average 
chloroform  pupil  is  therefore  decidedly  smaller  than  the  average 
ether  pupil.  The  two  resemble  one  another,  however,  in  that 
they  behave  in  a  similar  manner  in  response  to  an  increase  or 
decrease  in  the  quantity  of  the  anaesthetic  given,  and  in  that 
they  are  similarly  affected  by  light  and  other  stimuli.  As  will 
be  pointed  out  below,  the  pupil  is  often  of  great  service  as  a 
guide  in  chloroform  administration.  Occasionally,  as  with  ether, 
the  pupil  remains  widely  dilated  throughout  this  stage,  even 
though  the  anaesthetic  has  not  been  pushed  too  far.  This  is 
often  the  case  during  operations  upon  cervical  glands.  A  very 
small  pupil  (1  or  i|-  mm.)  in  most  cases  indicates  a  light  anaesthesia; 
whilst  a  somewhat  dilated  pupil  (3J  to  4^  mm.)  usually  means 
either  that  the  anaesthesia  is  very  profound,  or  more  probably, 
that  the  dilatation  is  of  reflex  origin,  and  is  associated  with  a 
light  anaesthesia.  As  already  stated  when  dealing  with  ether,  very 
little  reliance  is  to  be  placed  upon  the  pupil  as  a  guide  until  after 
the  operation  has  been  in  progress  some  little  while,  and  until  the 
administrator  has  satisfied  himself  as  to  its  behaviour  with  more 
and  less  of  the  anaesthetic.  The  following  table  will  show  the  size 
of  the  pupil  observed  in  sixteen  cases  immediately  before  the  opera- 

of  60,  a  pulse  of  60  fell  to  52  ;  and  in  a  man  of  56,  a  pulse  of  72  fell  to  48.  I 
must  refer  the  reader  to  Kappeler's  book  for  sphygmographic  tracings  of  the 
pulse  under  chloroform.  The  Glasgow  Antesthetics  Committee  of  the  British 
Medical  Association  found  that  of  50  cases  in  which  chloroform  was  given  for 
surgical  operations,  5  presented  a  pulse  of  64,  7  of  60,  5  of  56,  and  I  of  48 
during  deep  anaesthesia  (Brit.  Med.  Journ.,  Dec.  18,  1880,  p.  958). 

1  Brit.  Med.  Journ.,  March  10,  1877,  p.  292. 

2  I  have  used  Mr.  Edgar  Browne's  pupillometer  in  these  observations.  See 
Brit.  Med.  Journ.,  vol.  ii.  1886,  p.  24. 
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tion,  the  patient  on  each  occasion  (with  the  exception,  perhaps,  of 
cases  Nos.  6  and  1 1 )  being  deeply  anaesthetised  by  chloroform — 


No. 

Description  of  Patient. 

Size  of  Pupil  just  before 
Operal  Ion  <  ommenoed. 

Remarks. 

I 

J1 .  ait.  35-  Jieaitny. 

^  to       (2^  to  3  mm.) 

2 

M.  Average  middle- 
aged  man. 

9  t0  W  (3  to  3a  mm-) 

3 

F.  rat.  73.  Thin. 

Q  (2.\  mm. ) 

4 

M.  set.  25.  Tall  and 
well  built. 

0  (2!  nnn.) 

5 

M.  set.  3.  Florid. 

#to^|  (3  to  34  mm.) 

6 

Child  eat.  2.  Fairly 
nourished. 

t<>        (4  4! 

Slight  movement 
when  operation  be- 
gan. Probably  not 
deeply  enough  un- 
der. 

7 

F.  rat.  16.  Healthy 
in  appearance. 

#  to       (2J  to  3  mm.) 

8 

F.  rat.  74.  Thin. 

£  to  ^  (2!  to  3  I11H1.) 

9 

F.  set.  65.  Florid, 
alcoholic,   and  a 
little  bronchitic. 

Q  (34  mm.) 

10 

F.   rat.   47.  Very 
emaciated. 

0  (2j  mm.) 



1 1 

M.  rat.  19.  Healthy 
and  well  built. 

0  (34  m«n.) 

He  was  not  as  deeply 
under  as  intended, 
and  there  was 
slight  movement 
with  incision,  and 
reflex  enlargement 
of  pupil. 

12 

M.  set.  22.  Well 
built. 

(  "7    Til  Til  1 

^fit  \3  mm.; 

13 

F.  set.  19.  Tall  and 
healthy  looking. 

0  (3  mm.) 

14 

F.  set.  42.  Average. 

(2h  mm.) 

IS 

F.  rat.  15.  Healthy 
looking. 

0  (34  mm.) 

~i6 

F.  rat.  6.  Healthy 
country  child. 

0  (34  mm.) 
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From  the  above  table  it  will  appear  that  in  15  out  of  the  16 
cases,  the  pupil  measured  from  2^  to  3J  mm.  in  diameter,  and 
in  the  other  case,  from  4  to  4  J  mm.,  immediately  before  the 
operation  was  commenced.  With  two  exceptions  the  patients 
were  all  very  deeply  anaesthetised ;  and  in  these  two  cases  the 
pupil  measurements  were  respectively  4  to  4J  mm.  and  3^  mm.1 
The  late  Dr.  Sheppard  paid  particular  attention  to  the  chloro- 
form pupil,  and  I  am  indebted  to  him  for  much  valuable  in- 
formation. I  find  in  his  notes  that  the  size  of  the  pupil  in  deep 
chloroform  anaesthesia  is  recorded  in  277  cases;  and  I  have 
arranged  his  records  in  the  following  tabular  form — 


Fhom  Dr.  Sheppard's  Notes. 

Condition  of  the  Pupil  during  Deep  Chloroform  Anaesthesia. 

Cases. 

Moderately  contracted  in  ........ 

(Active  to  light  in  40  >  inactive  in  5  :  &t  one  time  active  and  at 
another  inactive  in  1  :  reaction  not  stated  in  116.) 

162 

Contracted  or  very  contracted  in  .  .... 
(Active  to  light  in  1  :  inactive  in  2  :  reaction  not  stated  in  54.) 

57 

Alternating  between  moderately  contracted  and  contracted  in 

(The  moderately  contracted  pupil  acted  in  3  :  no  note  as  to  action 
in  12.   The  contracted  pupil  inactive  in  4  :  no  note  as  to  action 
in  11.) 

15 

(Active  to  light  in  2  :  at  one  time  active,  at  another  inactive 
in  1  :  reaction  not  stated  in  10.) 

13 

Alternating  between  moderately  contracted  and  dilated  in 

(No  note  as  to  reaction  of  moderately  contracted  pupil  in  any 
case. ) 

(Dilated  pupil  active  in  1  case  :  inactive  in  one  case  :  and  no  note 
in  8  cases.) 

10 

Dilated  in  ........... 

(Active  to  light  in  1  :  inactive  in  2  :  no  note  in  6.) 

9 

Alternating  between  moderately  contracted  and  moderately  dilated  in  . 
(Moderately  contracted  pupil  active  in  I  case  :  inactive  in  1  case  : 

no  note  in  2. ) 
(Moderately  dilated  pupil  active  in  2  :  no  note  in  2.) 

4 

Carry  forward  .... 

270 

1  For  further  information  see  an  interesting  article  in  the  Lancet,  vol.  i. 
1875,  p.  550.  Also  a  paper  by  Dr.  H.  J.  Neilson,  Brit.  Med.  Journ.,  July  30 
and  Oct.  I,  1887.  I  cannot  agree  with  Dr.  Neilson's  contention  that  when 
the  pnpil  is  strongly  contracted  and  immobile,  no  chloroform  should  be  given 
until  it  begins  to  dilate  again.  A  very  small  pupil  is,  I  believe,  almost  in- 
variably indicative  of  a  light  form  of  antesthesia,  and  in  most  cases  denotes 
the  need  for  slightly  increasing  the  chloroform. 
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From  Dh.  SHErpAitD's  Notks— (continued). 


Condition  of  the  Pupil  during  Deep  Chloroform  Anresthcsin.  Cases. 

Brought  forward       .       .       .  270 

Alternating  between  contracted  and  dilated  in      ....  3 
(Reaction  to  light  not  stated.) 

Alternating  between  moderately  contracted  and  very  dilated  in  2 
(Moderately  contracted  pupil  active  in  I  :  no  note  in  I.) 
(Very  dilated  pupil  inactive  in  both  cases.) 

Alternating  betiveen  moderately  dilated  and  dilated  in  ...  2 
(In  one  case  the  moderately  dilated  pupil  acted  to  light :  in  the 

other  there  is  no  note.) 
(No  note  as  to  reaction  of  dilated  pupil.) 

Total  number  of  cases  .       .       .       .  |  277 

The  lid-reflex  should,  as  a  general  rule,  be  absent.  There  are, 
of  course,  exceptions  to  this  rule,  but  the  third  degree  of  anaes- 
thesia cannot,  generally  speaking,  be  said  to  be  present  when 
this  reflex  phenomenon  can  be  elicited. 

The  muscular  system  is  completely  relaxed  under  chloroform. 
With  ether  a  slight  degree  of  rigidity  may  persist  for  some  time, 
even  though  the  anaesthetic  be  very  freely  used  ;  but  with  chloro- 
form this  is  very  rarely  the  case. 

The  normal  colour  of  the  face  is  usually  at  first  somewhat 
heightened,  provided  that  conditions  capable  of  leading  to  circu- 
latory depression  or  to  obstructed  breathing  are  absent.  Should 
the  patient  be  allowed  to  come  out  of  a  deep  anaesthesia,  pallor 
indicative  of  the  approach  of  retching  may  result.  Or  should  an 
inadequate  nasal  or  oral  air-way  exist,  from  pursing  up  of  the 
lips  or  other  causes,  a  slight  degree  of  cyanosis  would  result. 
As  much  more  air  is  admitted  with  chloroform  than  with  ether, 
there  is  as  a  rule  less  duskiness  of  the  features.  After  deep 
anaesthesia  has  been  established  for  a  short  time  there  is  a  ten- 
dency for  the  face  to  become  paler  than  normal,  and  this  tendency 
persists  for  the  remainder  of  the  administration  unless  abnormally 
deep  breathing,  coughing,  or  vomiting  should  occur. 

Mucus  and  saliva  are  rarely  secreted  in  sufficient  quantities  to 
attract  attention.  The  excessive  secretion  of  these  fluids  which 
occurs  in  florid  young  patients  under  ether  is  rarely  if  ever 
observed  under  chloroform. 

The  temperature,  according  to  Kappeler,  who  has  made  many 
observations  on  this  subject,  is  invariably  reduced  during  the 
administi'ation  of  chloroform.  In  thirty  cases  in  which  opera- 
tions were  performed  under  chloroform,  the  reduction  varied  from 
o°.o2  C.  to  i°.  1  C,  the  average  being  o°.59  C. 


CHLOKOFORjM. 


21  I 


C.  DANGERS  CONNECTED  WITH  THE  ADMINISTRATION. 

General  Considerations. 

There  is  much  discrepancy  of  opinion  as  to  the  usual  causes 
and  mode  of  onset  of  dangerous  symptoms  during  the  inhalation 
of  chloroform  for  surgical  operations.  We  can  readily  under- 
stand this  when  we  reflect  that  patients  display  great  variation 
in  their  behaviour  under  anaesthetics,  and  that  there  are  many 
circumstances  which  are  capable  of  exerting  their  special  in- 
fluences during  the  induction  and  maintenance  of  surgical  anaes- 
thesia. We  hardly  ever  meet  with  two  patients  who  exhibit 
precisely  similar  phenomena  ;  and  the  manner  in  which  a  patient 
'takes  chloroform,'  as  the  expression  goes,  for  a  surgical  opera- 
tion, will  be  found  to  depend  upon  numerous  circumstances. 
Amongst  these  may  be  mentioned  : — 

(a.)  The  method  of  administration. 

(b.)  The  general  physique  of  the  patient. 

(c.)  His  susceptibility  to  the  anaesthetic,  i.e.,  the  quantity 
required  to  produce  a  given  effect. 

(d.)  The  tendency  which  he  displays  to  reflex  alterations  in  re- 
spiration and  circulation  in  response  to  various  stimuli. 

(e.)  The  nature  of  the  operation  which  is  being  performed. 

(/.)  The  conformation  and  capacity  of  his  upper  air-passages, 
and  the  consequent  liability  or  non-liability  to  obstructed 
respiration. 

(g.)  His  position  during  the  administration  of  the  anaesthetic. 

There  are  many  other  circumstances,  but  these  appear  to  be 
the  most  important.  With  such  considerations  as  these  before 
us  it  is  obvious  that  dangerous  or  fatal  symptoms  during  chloro- 
formisation  may  arise  in  many  ways — certainly  in  more  ways 
than  have  hitherto  been  recognised  by  physiological  observers. 

It  is  questionable  whether  the  most  carefully  conducted  physio- 
logical experiments  on  the  lower  animals  will  ever  satisfactorily 
explain  all  cases  of  death  during  the  administration  of  chloroform 
to  human  beings.  From  the  difficulties  which  many  able  workers 
in  the  physiological  field  have  had  in  producing  in  the  lower 
animals  under  chloroform  certain  phenomena  which  have  over  and 
over  again  been  witnessed  in  human  beings,  it  would  appear  that 
we  are  hardly  justified  in  drawing  any  important  inferences  from 
the  behaviour  of  the  former  during  the  inhalation  of  this  anaes- 
thetic. I  refer  more  particularly  to  reflex  alterations  in  the 
circulation,  which  are  undoubtedly  prone  to  manifest  themselves, 
more  especially  in  certain  degrees  of  ancesthesia,  in  certaiit  opera- 
tions, and  in  certain  subjects,  during  the  inhalation  of  chloroform. 
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A  study  of  the  numerous  experiments  made  by  the  late  Dr. 
Snow,  the  Committee  of  the  Royal  Medical  and  Chirurgical 
Society,  the  Glasgow  Committee,  and  the  Hyderabad  Chloroform 
Commission,  will  reveal  the  fact  that  there  are  obvious  differences 
between  the  chloroform  phenomena  witnessed  by  the  physiologist, 
and  those  with  which  we  are  familiar  iu  the  operating  theatre. 
This  is,  I  believe,  conceded  by  most  of  those  who  have  had  ex- 
tensive experience  in  both  departments  of  investigation.  It  is 
obviously  unreasonable  to  assume  that  the  dog,  when  subjected 
to  a  surgical  opei-ation  under  chloroform,  will  display  the  same 
nervous,  circulatory,  and  respiratory  phenomena  as  a  highly 
civilised  and  sensitive  human  being.  It  is  unnecessary  to  have 
had  more  than  a  short  acquaintance  with  the  effects  of  general 
anaesthetics  to  recognise  the  fact  that,  in  certain  types  of  subjects 
— I  particularly  refer  to  those  of  highly-strung  and  nervous 
temperaments — there  is  a  greater  tendency  than  in  other  types 
for  various  reflex  circulatory  and  respiratory1  phenomena,  to 
which  I  shall  subsequently  refer,  to  arise ;  and  if  this  be  so  when 
comparing  one  human  being  with  another,  how  much  greater 
will  the  contrast  become  when  we  compare  the  higher  with  the 
lower  mammals  1 

There  is  one  important  clinical  fact  which  stands  out  in  relief 
when  we  come  to  discuss  in  an  unprejudiced  manner  the  mode  of 
onset  of  dangerous  symptoms  during  chloroform  inhalation.  It 
is  that  patients  under  this  anaesthetic  are  prone  to  exhibit  symp- 
toms of  cardiac  depression.  Let  us  supjxjse  that  500  consecutive 
surgical  operations  are  to  be  performed  under  chloroform,  and 
that  the  pulse  of  every  patient  is  to  be  watched  from  the  com- 
mencement to  the  end  of  the  inhalation.  Now,  whatever  views 
the  observer  may  have,  he  cannot  fail  to  report  that  in  a  certain 
proportion  of  the  cases  the  pulse  gives  indications  of  feeble  or 

1  Now  that  the  fact  is  established  that  all  asphyxial  conditions  are  highly 
dangerous  during  the  inhalation  of  chloroform,  it  is  surely  important  to 
ascertain  whether  the  lower  animals  are,  or  are  not,  prone  to  exhibit  those 
modifications  in  respiration  which  often  constitute  the  first  step  towards  the 
'  chloroform  syncope '  so  repeatedly  described  in  the  medical  journals.  It  is 
quite  possible,  and  indeed  probable,  that  the  lower  mammals  are  not  so  sus- 
ceptible as  human  beings  to  the  various  forms  of  respiratory  embarrassment 
occasionally  met  with  in  actual  practice.  In  the  Transactions  of  the  Royal 
Medical  and  Chirurgical  Society,  vol.  lxxiv.  1891,  p.  107,  will  be  found  a 
paper  which  I  wrote  on  this  subject,  entitled  '  Clinical  Observations  upon 
Respiration  during  Anaesthesia  ;  with  Special  Reference  to  the  Causes  of  Em- 
barrassed and  Obstructed  Breathing.'  It  would  be  interesting  to  learn  from 
physiological  investigators  whether  the  various  conditions  to  which  I  have 
referred  in  this  paper,  and  which  may  play  an  important  part  in  bringing 
about  cardiac  failure  during  the  use  of  chloroform  in  man,  have  their  analogues 
in  the  lower  animals. 
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embarrassed  cardiac  action.  The  chloroformist  who  never  observes 
the  pulse,  but  attends  only  to  the  respiration,  will  not  note  these 
alterations.  Whether  such  alterations  are  connected  with  a  too 
free  use  of  chloroform,  whether  it  is  necessary  to  note  them  at 
all,  or  whether  they  should  be  taken  to  indicate  that  the  patient's 
condition  is  one  of  danger,  does  not  concern  us  here.  All  that  I 
wish  to  point  out  in  the  present  place  is  that  evidences  of  feeble 
circulation,  whatever  may  be  their  cause,  whatever  their  signifi- 
cance, are  more  common  and  pronounced  during  the  use  of  chloro- 
form than  during  that  of  ether.  That  skilful  and  watchful 
administration  greatly  tends  to  lessen  the  chances  of  circulatory 
depression  under  chloroform  there  can  be  no  doubt.  By  a  con- 
tinuous and  free  use  of  chloroform  ;  by  securing  a  deep  anaesthesia 
before  the  patient  is  touched  with  the  knife ;  by  keeping  a  free 
air-way ;  and  by  maintaining  a  profound  narcosis  for  the  whole 
of  the  operation ;  all  serious  circulatory  changes  may,  as  a  rule, 
be  prevented.  Simpson,  Syme,  and  Lister  have  done  much 
towards  pointing  out  the  proper  manner  in  which  chloroform 
should  be  used  ;  and  when  it  is  exhibited  with  judicious,  but  not 
reckless  freedom,  the  chances  of  cardiac  depression  are  very 
greatly  reduced,  and  the  risk  to  life  is  shifted  from  the  circulatory 
to  the  respiratory  side.  But  so  long  as  chloroform  is  used  as  an 
anaesthetic  for  genei^al  purposes,  so  long  will  numerous  accidents 
occur.  The  workable  area  under  chloroform  is  small  as  compared 
to  that  under  ether.  In  the  case  of  ether  the  risk  to  life  is  almost 
entirely  connected  with  an  over-dose  of  the  drug,  whereas  with 
chloroform  we  not  only  have  this  danger  to  avoid,  but  we 
know  by  experience  that  an  imperfectly  developed  anaesthesia  is 
hazardous.  The  half-anaesthetised  patient  under  ether  does  not 
exhibit  that  liability  to  cardiac  failure  from  operative  procedures, 
intercurrent  asphyxia,  and  other  causes,  which  in  the  case  of 
chloroform  is  certainly  present.  In  these  considerations  lies  the 
great  difference  between  these  two  important  anaesthetics. 

The  susceptibility  of  the  particular  patient  to  chloroform  is  a 
matter  of  some  importance  in  any  inquiry  concerning  the  super- 
vention of  dangerous  symptoms.  Billroth,  Robert,  and  other 
competent  authorities  believe  that,  as  with  morphine,  iodide  of 
potassium,  and  other  drugs,  patients  may  display  very  marked 
susceptibility  to  chloroform,  and  may  thus  exhibit  toxic  symp- 
toms from  doses  which  in  the  vast  majority  of  cases  would  have 
no  such  deleterious  effects.  This  constitutes  the  so-called  idio- 
syncrasy under  chloroform. 

A  peculiar  feature  of  the  chloroform  anaesthesia  is  that  vigorous 
subjects  are  more  liable  than  others  to  succumb  from  the  effects 
of  this  agent.    Young  adults  of  good  colour  and  physique  usually 
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give  greater  trouble  to  the  .anaesthetist  than  feebler  and  more 
fragile  subjects.  Children,  old  persons,  and  those  patients  who 
have  become  weakened  by  disease,  usually  take  chloroform  well. 
In  the  subjoined  analysis  (p.  215)  of  210  fatal  cases  of  chloroform 
inhalation  it  will  be  seen  that  one  half  of  the  number  occurred 
in  patients  between  the  ages  of  16  and  45,  i.e.,  during  the  most 
vigorous  period  of  life.  As  will  also  be  seen,  men  are  more 
prone  to  succumb  under  chloroform  than  women ;  about  two- 
thirds  of  the  patients  were  males.  The  better  developed  mus- 
cular system  of  men  is  probably  responsible  for  this  difference. 
Other  things  being  equal,  the  greater  the  vigour  of  the  patient 
the  greater  will  be  the  tendency  to  the  development  of  muscular 
spasm,  not  only  of  the  extremities  but  also  of  the  respiratory 
muscles,  masseters,  muscles  of  the  floor  of  the  mouth,  larynx, 
and  other  parts.  Such  spasm  may  either  occur  independently  of 
any  operative  interference,  as  the  patient  is  just  entering  into 
the  state  of  complete  surgical  anaesthesia,  or  it  may  be  directly 
due  to  some  surgical  procedure.  Prolonged  tonic  spasm  under 
chloroform  is  more  hazardous  than  a  similar  condition  under 
ether,  probably  because  the  overloaded  state  of  the  right  side  of 
the  heart  to  which  it  inevitably  loads  is,  in  the  absence  of  a 
stimulant  such  as  ether,  liable  to  be  followed  by  syncope  of  the 
worst  form.  In  this  way  many  of  the  fatalities  under  chloroform 
are  to  be  explained. 

A  considerable  proportion  of  patients  who  have  died  during 
chloroform  administration  have  succumbed  before  anaesthesia 
became  completely  established,  i.e.,  either  within  the  first  minute 
or  two,  or  during  the  stage  of  excitement.  Of  the  210  cases 
referred  to  below,  the  period  at  which  death  occurred  is  stated  in 
75  cases  only,  and  in  68  of  these  {i.e.,  in  90  per  cent.)  the  patients 
died  within  the  first  fifteen  minutes.  Comte 1  collected  232 
deaths  under  chloroform.  In  224  of  these  the  time  at  which  the 
fatal  event  occurred  was  mentioned;  and  of  these  224  deaths, 
112  (50  per  cent.)  took  place  before  anaesthesia  was  complete.  I 
myself  find  130  chloroform  deaths  reported  in  the  Lancet  and 
British  Medical  Journal  from  1 880-1 889  inclusive;  and  of  these, 
54  took  place  either  before  the  operation,  or  during  some  short 
and  trivial  operation. 

There  can  be  no  doubt,  as  pointed  out  by  Snow,  Clover,  the 
English  Chloroform  Committee,  and  Paul  Bert,  that  the  dangers 
of  chloroformisation  may  be  lessened  by  keeping  the  proportion 
of  vapour  to  the  air  breathed  below  4  or  5  per  cent.  Too  con- 
centrated a  chloroform  vapour  is  certainly  dangerous ;  but  the 

1  Quoted  by  Julliard,  L' ether :  est  il  pre'fdrable  au  chlorofomnc  ? 
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precise  manner  in  which  such  a  vapour  kills  has  yet  to  be 
demonstrated.  Moreover,  several  cases  are  on  record  in  which, 
even  with  Clover's  chloroform  apparatus,1  which  supplies  the 
anaesthetic  properly  diluted  with  known  quantities  of  air,  a  fatal 
issue  has  occurred.  As  will  be  frequently  urged,  there  is  about 
as  much  risk  from  administering  too  little  as  from  administering 
too  much  chloroform  ;  and  those  who  advocate  the  employment 
of  a  fixed  percentage  of  vapour  must  occasionally  find  that  the 
atmosphere  employed  is  too  dilute  for  securing  the  safer,  i.e.,  the 
more  profound  form  of  anaesthesia. 

Before  studying  the  nature  of  the  threatening  symptoms  which 
may  be  evinced  by  patients  under  chloroform,  it  may  not  be  out 
of  place  to  refer  to  the  following  analysis  of  210  chloroform 
fatalities.  The  Committee  appointed  by  the  Royal  Medical  and 
Chirurgical  Society  in  1864,  to  inquire  into  the  uses  and  effects 
of  chloroform,  collected  and  analysed  109  fatal  cases  which  occurred 
in  the  years  1848-1863  inclusive.  Kappeler,  in  his  valuable  work 
on  anaesthetics,  gives  a  similar  analysis  of  101  additional  fatalities, 
which  have  been  recorded  in  various  journals  as  having  taken 
place  in  the  years  1865-1876  inclusive.  As  the  matter  is  one  of 
importance,  and  as  Kappeler's  work  in  this  direction  is  not  per- 
haps as  widely  known  in  this  country  as  it  deserves,  I  propose  to 
present  to  the  reader  a  combined  analysis  of  the  210  cases. 

An  analysis  of  210  chloroform  fatalities  (=109  collected  by  the 
Committee  of  the  Royal  Medical  and  Chirurgical  Society,  and 
101  collected,  by  Kappeler). 


(a.)  Sex. 

Males   1 50 

Females   eg 

Not  stated    I 


210 

(b.)  Age. 

Under  5  years                                                              .  a 

6-15  years   •  21 

16-30    „   49 

31-45    53 

46-60   „    37 

Over  60  years    .       .       .       .       .       .       .       .       .  3 

Not  stated   .is 


210 


1  This  apparatus  was  used  in  5  of  the  101  fatal  cases  collected  by 
Kappeler. 
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(c.)  Nature  of  Operation. 

Amputations     .........  36 

Dislocations      .       .       .       .       .       .       .       .  .16 

Removal  of  tumours  .       .       .       .       .       .       .  .17 

Examination  of  injuries  (including  putting  up  of  fractures)  9 
Operations  on  male  genito-urinary  organs         ...  20 
Operations  on  anus,  rectum,  &c.       .       .       .       .  .11 

Operations  on  female  genital  organs  .....  5 

Operations  on  eye     .       .       .       .       .       .       .  .16 

Hernia      ..........  3 

Castration  ...........  4 

For  necrosis,  excision  of  bone,  &c.    .....  7 

Excision  of  joints      ........  2 

Forcible  straightening  of  joints         .....  7 

For  application  of  escharotics    ......  8 

Plastic  operations      ........  6 

Ligature  of  arteries  ........  1 

Opening  abscesses  and  sinuses  ......  7 

Impaction  of  faeces    ........  1 

For  removal  of  teeth        .       .       .       .       .       .  .18 

Removal  of  toe-nail  ........  5 

For  relief  of  neuralgia       .......  2 

For  delirium  tremens        .......  2 

For  maniacal  excitement  .......  1 

Not  stated  6 


210 

(d. )  Period  of  Inhalation  at  which  Death  Occurred. 

Under  1  minute       ........  10 

1-3  minutes      .       .       .       .       .       .       .       .  13 

3-5     »   -  .  12 

6-15    »    33 

Over  15  minutes       ........  7 

Not  stated   135 

210 

(e. )  Stage  of  Ancesthesia  at  which  Death  Occurred. 

Commencing  to  inhale   14 

Stage  of  excitement   30 

Incomplete  anaesthesia      .......  49 

Fully  under  influence        .......  68 

After  operation   31 

Not  stated   18 

210 

Or,  Before  full  effects  of  chloroform   93 

During  full  effects   68 

After  operation .       .       .       .       .       .       .       .  3 1 

Not  stated   1 8 


210 
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(f.)  Mode  of  Death. 
It  is  best,  perhaps,  to  keep  the  two  analyses  under  this  heading  separate. 
Royal  Medical  and  Chirurgical  Committee. 


"Syncope    .'.'.*.      «       .     ''.       .       .  -5° 

Syncope  during  stage  of  excitement  .....  6 

Died  suddenly   6 

Died  in  a  fit   10 

Pulse  and  respiration  ceased  together       ....  9 

Failure  of  respiration  (pulse  not  noted)     ....  6 

Failure  of  respiration  (pulse  remaining)     ....  2 

Not  stated   14 


109  " 

Kappeler. 

Group  1.  Imperfectly  recorded  cases,  or  cases  in  which  death  could 

not  be  ascribed  directly  to  chloroform  .       .       .  .61 

Group  2.  Fully  reported  cases  in  which  death  occurred  as  the  im- 
mediate result  of  chloroform        .....  40 


101 

Analysis  of  Group  2. 

A.  Death  with  primary  evidences  of  circulatory  failure  (14  fully 

under  and  9  partially  under  chloroform)     ....  23 

B.  Cases  in  which  respiration  ceased  first  (10  fully  under  and  7  par- 

tially under  chloroform)  17 


40 

(g.)  Mode  of  Inhalation. 

On  handkerchief,  towel,  napkin,  or  lint     ....  87 

Lint  with  sponge      ........  5 

On  sponge         .       .       .       .       .       .       .       .  .11 

With  an  ether  inhaler       .......  2 

Snow's  inhaler  .........  5 

An  inhaler        .       .       .       .       .       .       .       .       .  23 

Paper  bag  or  cloth  cone   3 

Skinner's  mask  .........  2 

A  mask     ..........  1 

Esmarch's  mask        ........  5 

Metal  inhaler  with  plenty  of  air       .....  2 

Clover's  apparatus     ........  5 

Not  stated        .       ........  cq 


210 

Special  Considerations. 
1.  The  Administration  of  an  Over-dose :  Fourth  Degree 

Or  Stage. — There  is  good  reason  to  believe  that  fatalities  occur- 
ring, strictly  speaking,  from  an  over-dose  of  chloroform  are  not  as 
common  as  is  generally  imagined.  Cases  nevertheless  do  occur 
in  which  it  is  quite  clear  that  the  accident  or  fatality  which  has 
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taken  place  has  been  caused  by  too  large  an  intake  of  the  anes- 
thetic. The  Hyderabad  Commission  has  specially  laid  stress  upon 
the  possibility  of  this  occurring  during  the  deep  and  gasping 
respirations  which  attend  or  follow  upon  struggling.1  Later  on 
in  the  administration,  too,  when  breathing  is  not  abnormally 
jerky,  an  over-dose  may  easily  be  administered. 

As  in  the  case  of  ether,  the  phenomena  which  depend  upon  the 
administration  of  an  over-dose  will  be  found  to  be  associated  with 
an  insensitive  conjunctiva.  So  long  as  the  lid-reflex  is  present, 
any  dangerous  symptoms  which  the  patient  may  evince  are 
usually  to  be  ascribed  to  other  causes  than  an  excessive  dose  of 
chloroform. 

The  symptoms  which  collectively  indicate  the  supervention  of 
this  stage  are  : — Impairment  or  complete  cessation  of  respiration  ; 
an  abnormally  slow,  feeble,  or  '  running  '  pulse,  which  tends  to 
become  irregular  and  imperceptible ;  moderate  dilatation  of  the 
pupils,  increasing  in  severe  cases  to  wide  dilatation  ;  complete 
absence  of  the  lid-reflex;  a  dusky  pallor  of  the  complexion  ;  and  a 
separation  of  the  eyelids.  As  will  be  seen  by  referring  to  Chapter 
II.  of  this  Part,  these  phenomena  are  very  similar  to  those  which 
arise  from  an  over-dose  of  ether,  with  the  exception  that  the  circu- 
lation is  more  profoundly  affected,  as  evidenced  by  the  greater 
degree  of  pallor  and  pulse-failure. 

Should  the  administration  have  been  conducted  rapidly,  reck- 
lessly, and  without  the  important  precaution  of  admitting  a  suffi- 
cient quantity  of  air,  the  patient  may  so  suddenly  die,  that  all 
attempts  on  the  part  of  the  administrator  to  recognise  the  order 
in  which  the  fatal  symptoms  have  arisen  may  be  completely 
futile.  In  such  cases  as  these  the  peripheral  circulation  may  fail 
before  respiration  ceases.2  The  moment  at  which  the  action  of 
the  heart  comes  to  a  stand-still  hardly  concerns  us  here.  We 
are  only  concerned  with  the  fact  that  failure  of  the  circulation, 
as  recognised  by  the  absence  of  the  wrist-pulse,  may  precede 
stoppage  of  breathing.  It  seems  highly  probable,  from  physiolo- 
gical considerations,  that  in  many  of  the  fatal  cases  in  which  this 
sequence  of  events  has  been  noticed,  cardiac  action  has  in  reality 
persisted  for  a  longer  period  than  external  pulse-evidence  would 
suggest.  This  view  is  also  rendered  probable  by  the  clinical  fact 
that  patients  possessing  no  outward  manifestations  of  the  con- 
tinuance of  circulation,  but  exhibiting  feeble  respiration,  have 

1  See  an  interesting  illustration  of  this  published  {Lancet,  Oct.  i,  1892, 
p.  796)  by  Surgeon  Lieut. -Col.  E.  Lawrie. 

2  One  of  the  best  reported  cases  illustrating  the  mode  of  death  from  a  con- 
centrated chloroform  atmosphere  is  to  be  found  in  the  Brit.  Med.  Journ., 
Oct.  25,  1884,  p.  811. 
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over  and  over  again  been  resuscitated1  by  prompt  measures. 
Had  cardiac  action  ceased  no  such  recovery  could  have  been 
brought  about. 

When  toxic  quantities  of  chloroform  are  more  gradually  given, 
the  symptoms  displayed  by  the  patient  will  be  more  capable  of 
differentiation  and  analysis ;  although  the  period  which  elapses 
before  such  symptoms  culminate  in  total  cessation  of  respiration 
and  peripheral  circulation  will  still  be  very  short — far  shorter 
indeed  than  in  the  case  of  ether.  Obvious  impairment  of  breath- 
ing is  generally  noticeable  before  thoracic  and  abdominal  move- 
ments altogether  cease.  Respiratory  arrest  of  this  nature  is 
usually,  if  not  always,  of  a  non-obstructive  character.  There 
may  be  gasping,  jerky,  and  irregular  respiratory  movements 
immediately  before  the  actual  cessation.  A  short,  hurried  form 
of  breathing2  not  infrequently  indicates  a  dangerous  depth  of 
anaesthesia;  and  sudden  stoppage  of  all  respiratory  movements 
may  take  place  during  these  short  quick  breaths.  Snow  stated 
that  thoracic  movements  usually  cease  before  abdominal. 

The  stoppage  of  respiration,  which  has  as  its  immediate  cause 
a  spasmodic  condition  of  the  respiratory  muscles,  appears  to  be 
more  frequently  connected  with  partially  established  anaesthesia 
than  with  the  presence  within  the  circulation  of  poisonous  quan- 
tities of  the  anaesthetic  (vide  infra). 

The  same  may  be  said  of  arrested  breathing  resulting  from 
laryngeal  closure.  It  is  right,  however,  to  add,  with  regard  to 
this  condition,  that  Sir  Joseph  Lister  regards  a  falling  together 
or  spasm  of  the  arytaeno-epiglottidean  folds,  which,  he  asserts, 
occasionally  takes  place  under  chloroform,  as  connected  with  and 
indicating  a  too  profound  degree  of  narcosis.  But,  for  i*easons 
which  will  be  elsewhere  given,  there  is  evidence  to  show  that 
laryngeal  occlusion  is  very  frequently  associated  with  imperfectly 
established  anaesthesia.  I  propose,  therefore,  to  discuss  this  con- 
dition, as  well  as  fixity  of  the  chest,  in  the  following  section  of 
this  chapter  (2.  Respiratory  Failure  occurring  Independently  of 
an  Over-dose). 

At  the  moment  when  respiration  fails  from  an  over-dose  of 
chloroform  the  pulse  is  usually  very  slow  and  feeble,  or  cannot 
be  detected.  Chloroform  compares  unfavourably  with  ether  in 
this  respect ;  for,  with  the  latter,  respirator}'  failure  from  an 
over-dose  is  not  associated  with  anything  like  the  degree  of 
cardiac  depression  which  obtains  with  chloroform.  Even  if  we 
admit  that  respiration  invariably  ceases  before  the  action  of  the 
heart,  we  cannot  lose  sight  of  the  fact  that  death  from  an  over- 

1  For  good  illustrations  see  Edin.  Med.  Journ.,  1853,  vol.  xvii.  p.  21 1. 

2  See  Edin.  Med.  Journ.,  loc.  ext.,  p.  216,  Case  III. 
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dose  is,  in  its  main  features,  a  cardiac  death.  If  it  could  be 
shown  that,  as  with  ether,  the  peripheral  circulation  continues 
for  a  considerable  time  after  respiration  has  ceased,  we  might 
then  see  our  way  to  regarding  chloroform  in  the  light  of  a  purely 
respiratory  depressant. 

This  would  appear  to  be  the  most  appropriate  place  to  refer  to 
those  cases  in  which,  during  deep  and  satisfactory  chloroform 
anaesthesia,  the  circulation  shows  distinct  signs  of  failure,  whilst 
respiration  is  proceeding  with  regularity  and  efficiency.  Such 
cases  are  probably  of  less  importance  than  one  might  at  first 
sight  suppose.  But  that  they  do  occur  there  can  be  no  doubt. 
Kappeler  relates  two  examples  of  the  kind.  Mr.  Mills,  Dr. 
Buxton,  and  others  have  also  met  with  such  cases.  I  myself 
have  seen  more  than  one  example.  Without  any  ascribable 
cause  (such  as  the  imminence  of  vomiting,  the  performance  of 
the  operation,  &c.)  the  pulse  of  the  chloroformed  patient  is  found 
to  become  extremely  slow,  feeble,  irregular,  or  intermittent, 
and  the  face  pale.  I  have  also  known  a  rapid  or  '  running ' 
pulse  to  indicate  a  too  free  use  of  the  chloroform.  All  that  is 
usually  necessary  is  to  remove  the  anaesthetic  for  a  while,  and 
the  pulse  and  colour  will  be  found  to  improve.  The  symptoms 
may,  however,  recur  when  the  anaesthetic  is  resumed.  The  con- 
dition to  which  I  refer  is  liable  to  be  overlooked  by  any  one  who 
is  watching  the  respiration  and  no  other  sign.  What  its  physio- 
logical significance  may  be  I  must  leave  others  to  decide ;  I  refer 
to  it  here  because  it  disappears  when  less  of  the  anaesthetic  is 
given,  and  would  therefore  seem  to  depend  upon  too  large,  rather 
than  too  small  a  dose  of  the  chlorofox-m.1 

2.  Respiratory  Failure  occurring"  Independently  of 

an  Over-dose. — Hampered  and  obstructed  breathing,  similar 
in  every  respect  to  that  already  described  (p.  160)  as  occasionally 
occurring  in  association  with  imperfectly  established  ether  anaes- 
thesia, may  occur  under  chloroform,  and  is  specially  prone  to  do 
so  in  highly  nervous,  in  muscular,  and  in  alcoholic  subjects. 
This  embarrassment  of  respiration  during  the  second  stage  of 
chloroformisation  demands  special  care.  When  the  abdomen  is 
hard,  the  chest  fixed,  the  jaws  clenched,  and  the  tongue  pressed 
up  against  the  palate  and  pharynx,  respiration  may  become 
completely  arrested  for  a  while.    The  arrest  is  the  result  of 

1  Although  the  Hyderabad  Chloroform  Commission  has  attempted  to  prove 
that  chloroform  does  not  directly  lower  cardiac  action,  the  researches  of  Prof. 
MacWilliam  [Brit.  Med.  Jo-urn.,  Oct.  ir,  1890,  p.  831)  and  of  Drs.  Gaskell 
and  Shore  {Brit.  Med.  Journ.,  Jan.  21,  1893,  p.  105)  have  led  these  observers 
to  an  exactly  opposite  conclusion.  The  clinical  facts  mentioned  in  the  text 
are  of  interest  as  supporting  the  contentions  of  MacWilliam,  Gaskell,  and 
Shore. 


CHLOROFORM. 


221 


muscular  spasm.  Not  only  do  the  thoracic  and  abdominal 
muscles  share  in  this  spasm,  but  the  air-way  becomes  temporarily 
closed.  There  is  reason  for  the  belief  that  any  prolonged  cessa- 
tion of  respiration  from  these  causes  is  especially  hazardous 
under  chloroform. 

There  is  a  symptom  which  appears  to  me  to  be  of  some  interest 
in  connection  with  the  second  stage  of  the  inhalation  of  chloro- 
form. I  refer  to  a  clonic  movement  affecting  the  arms,  and 
causing  them  to  be  more  or  less  rhythmically  jerked  towards  the 
median  line  of  the  body.  It  is  probable  that  this  convulsive 
movement  of  the  arms  should  be  regarded  as  a  danger-signal.  So 
similar  are  these  clonic  movements  to  those  met  with  during  the 
period  of  gesticulation  and  excitement,  that  the  two  are  liable  to 
be  confounded.  Whilst  irregular  and  excited  movements  invari- 
ably call  for  a  steady  continuance  of  the  administration,  the  clonic 
phenomena  referred  to,  which  are  ajjparently  due  to  spasm  of  the 
pectoral  muscles,  strongly  indicate  the  necessity  for  air.  It  would 
seem  that  this  clonic  contraction  of  the  pectoral  muscles  should 
be  regarded  as  the  result  of  impulses  originating  in  the  respira- 
tory centre ;  and  that  these  muscles  come  into  action  as  extra- 
ordinary muscles  of  respiration.  Owing,  however,  to  the  arms 
having  become  flaccid,  the  contraction  of  the  pectoral  muscles 
has  no  effect  in  increasing  thoracic  expansion.  All  that  such 
contraction  can  do  is  to  draw  the  arms  towards  the  trunk.  The 
jerky  movements  referred  to  are  most  conspicuous  when  the  arms 
are  hanging  down  on  each  side  of  the  operating  table.  I  have  on 
two  occasions  known  cessation  of  respiration  under  chloroform  to 
be  preceded  by  these  movements. 

In  the  description  of  respiratory  embarrassment  during  imper- 
fect etherisation  (p.  160),  it  has  been  stated  that  laryngeal  spasm 
under  ether  rarely  if  ever  gives  cause  for  anxiety.  The  case  is 
different  with  chloroform.  There  are  certain  cases  in  which  a 
crowing,  high-pitched,  inspirator}'  stridor  is  met  with,  uninfluenced 
in  extreme  cases  either  by  pushing  the  lower  jaw  forwards,  or  by 
moderate  tongue-traction.  Whilst  this  spasm  does  not  appear  to 
arise  during  very  light  anaesthesia,  we  rarely  if  ever  meet  with  it 
in  the  most  profound  narcosis.  It  seems  to  be  connected  with  a 
moderate  degree  of  chloroformisation.  Florid,  vigorous  patients 
appear  to  be  more  liable  to  its  occurrence  than  others.  One  factor 
in  its  production  seems  to  be  the  performance  of  certain  opera- 
tions ;  for  it  is  most  common  in  abdominal  surgery,  and  in  opera- 
tions upon  the  genito-urinary  organs.  It  is  often  associated 
with  some  tendency  to  swallow  or  cough.  On  other  occasions  it 
appears  to  be  connected  with  the  presence  of  a  small  plug  of 
mucus.    In  the  large  majority  of  cases  the  administration  of 
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more  of  the  anaesthetic  causes  it  to  subside ;  and  if  very  deep 
anaesthesia  be  maintained  further  trouble  may  usually  be  obviated. 
Cases,  however,  occur  in  which  precisely  the  opposite  treatment, 
viz.,  temporary  withdrawal  of  the  chloroform,  proves  efficacious. 
And  there  are  cases  also-  in  which  this  laryngeal  sound,  having 
once  become  established,  still  continues  in  spite  of  increasing  or 
decreasing  the  quantity  of  the  anaesthetic.  But  the  most  impor- 
tant fact  in  connection  with  this  condition  is  that  it  occasionally 
leads  to  complete  cessation  of  breathing,  even  though  an  attempt 
is  made  to  overcome  it  in  the  manner  described.  I  have  notes  of 
three  cases  in  which  forcible  traction  upon  the  tongue  had  to  be 
employed  in  order  to  overcome  this  form  of  obstruction.  All  the 
three  patients  were  florid  young  adults  in  excellent  health.  Two 
were  females  :  the  other  was  a  male  patient.  Of  the  two  females, 
one  was  being  operated  upon  for  ruptured  perinaaum  (see  Must. 
Case,  No.  29,  p.  294),  and  the  other  was  just  emerging  from 
deep  anaesthesia,  which  had  been  maintained  for  one  hour  for 
ovariotomy.  The  male  patient  was  undergoing  an  operation  for 
the  radical  cure  of  hernia,  and  had  been  allowed  to  emerge  to  a 
very  slight  degree  from  deep  anaesthesia.  Sir  Joseph  Lister  lias 
drawn  attention  to  the  importance  of  recognising  laryngeal  ob- 
struction under  chloroform.  lie  states  1  that  a  falling  together 
or  spasm  of  the  arytaeno-epiglottidean  folds  not  infrequently  takes 
place,  and  that  almost  noiseless  obstruction  to  respiration  may 
thus  result.  He  regards  this  condition  as  indicating  a  dangerous 
depth  of  narcosis ;  and  there  can  be  no  doubt  that  when  symptoms 
of  laryngeal  closure  arise  they  may  often  be  relieved  by  giving  less 
anaesthetic.  But  from  what  has  been  above  said,  as  well  as 
from  other  considerations  (p.  289),  the  balance  of  evidence  seems 
rather  in  favour  of  regarding  all  obstructed  states  of  breath- 
ing under  chloroform  as  belonging  to  an  imperfectly  established 
anaesthesia,  and  not  as  resulting  from  the  presence  within  the 
circulation  of  toxic  quantities  of  the  anaesthetic.2 

Spasm  of  the  respiratory  muscles,  similar  in  every  respect  to 
that  already  described  as  occurring  in  very  rare  instances  under 
ether,  has  also  been  met  with  under  chloroform.3 

1  '  System  of  Surgery,'  vol.  iii.  3rd  edition,  p.  604. 

2  Dr.  Snow  does  not  seem  to  have  recognised  this  particular  danger,  though 
he  states  (op.  cit.,  p.  234)  that,  at  a  trial  in  France,  M.  Devergie  urged  that 
chloroform  was  capable  of  causing  death  by  closure  of  the  glottis.  See  also 
a  pamphlet  by  Dr.  Black,  '  Chloroform  :  How  shall  we  ensure  Safety  in  its 
Administration  ? '  London,  1855.  Dr.  Black  believed  that  all  accidents  under 
chloroform  were  due  to  closure  of  the  glottis,  but  attributed  this  closure  to  the 
pungency  of  the  vapour.  More  recently  Ricord,  Yvonneau,  and  Stanelli  have 
dwelt  upon  the  dangers  of  epiglottic  and  laryngeal  obstruction  under  chloroform. 

3  See  Sir  Joseph  Lister's  account  of  a  chloroform  fatality  ('  System  of  Sur- 
gery,' vol.  iii.  3rd  edition,  p.  615).     In  this  case,  which  he  so  graphically 
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Operations  in  the  neighbourhood  of  the  vagus  in  the  neck 
may  have  the  effect  of  temporarily  suspending  respiration  with- 
out markedly  interfering  with  cardiac  action  (see  Illust.  Case, 

No.  32,  p.  304).  ,  "     .   .  ,  , 

The  feebleness  of  respiration  which  is  immediately  dependent 
upon  cardiac  depression,  from  vomiting  and  other  causes,  will  be 
considered  in  connection  with  circulatory  failure. 

Lastly,  chloroform  appears  to  act  sometimes  as  a  direct  respi- 
ratory sedative,  without  having  been  given  in  excessive  doses. 
The  breathing  becomes  more  and  more  feeble,  and  the  colour  of 
the  patient  dusky  and  pale.  With  these  phenomena,  the  con- 
junctiva remains  sensitive  to  touch.  Rubbing  the  lips  and 
cheeks  briskly  with  a  towel  will,  in  most  cases,  set  breathing 
going  again,  and  the  colour  will  then  improve.  As  already  men- 
tioned (p.  193),  the  condition  is  especially  liable  to  occur  when 
chloroform  is  too  sparingly  given. 

3.  Circulatory  Failure  occurring-  Independently  of 

an  Over-dOSC  —  The  circulation  of  the  moderately  healthy 
patient,  during  the  administration  of  chloroform  for  a  surgical 
operation,  may  show  signs  of  failure,  or  actually  cease,  from  in- 
fluences quite  irrespective  of  a  too  free  use  of  the  anaesthetic. 
Clinical  evidence  leads  us  to  state  that  the  heart's  action  may 
become  seriously  depressed  : — 

(a.)  By  fright  or  apprehension  at  the  very  outset  of  the  inha- 
lation, i.e.,  before  consciousness  has  been  destroyed. 
(//. )  In  connection  with  suppressed  or  actual  vomiting  inci- 
dental to  a  light  anaesthesia, 
(c.)  As  the  more  or  less  immediate  result  of  embarrassed  or 

inadequate  respiration. 
(d.)  As  the  direct  effect  of  the  surgical  procedure  for  which 

the  anaesthetic  is  being  administered. 
I  have  not  included  the  supposed  reflex  effect  of  chloroform- 
vapour  upon  the  heart,  as  our  evidence  on  this  point  is  at  present 
insufficient. 

(a.)  Cases  have  been  recorded  in  which,  at  the  very  beginning 
of  chloroform  inhalation,  sudden  syncope  has  arisen.1  Such  cases 
require  to  be  carefully  distinguished  from  those  in  which  cardiac 
failure  arises  somewhat  later  in  the  administration,  i.e.,  during 
the  period  of  excitement  and  struggling.    In  the  cases  which  we 

describes,  the  respiration  ceased  during  an  epileptiform  spasm.  A  similar 
condition  has  been  observed  under  ether  {Brit.  Med.  Journ.,  May  2,  1S85, 
p.  887). 

1  For  typical  examples  see  Brit.  Med.  Journ.,  Oct.  5,  1889,  p.  778,  and  Nov. 
7,  1891,  p.  1004  ;  Lancet,  Nov.  14,  1891,  p.  1117.  A  non-fatal  case,  recorded 
by  Dr.  Snow  (op.  cit,  p.  96),  seems  to  belong  to  this  category. 
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are  about  to  consider  it  would  seem  that  excessive  mental 
emotion  and  apprehension  have  been  principally,  if  not  wholly, 
responsible  for  the  sudden  arrest  of  the  heart's  action.  Prior  to 
the  introduction  of  anaesthetics,  death  from  fright,  either  before 
or  at  the  very  commencement  of  the  operation,  was  by  no  means 
uncommon.1  Dr.  Snow,2  indeed,  rightly  attributed  several  of 
the  so-called  chloroform  fatalities  into  which  he  inquired  to  fear 
and  mental  emotion.  It  is  somewhat  doubtful,  however,  whether 
in  cases  of  this  class  the  chloroform  should,  in  one  sense,  be 
wholly  exonerated.  Similar  fatalities  are,  comparatively  speak- 
ing, unknown  under  nitrous  oxide  or  ether — a  fact  which  strongly 
suggests  the  presence  or  absence,  as  the  case  may  be,  of  some 
factor  other  than  fear,  in  deaths  at  the  very  outset  of  chloro- 
formisation.  Ether  is,  as  is  well  known,  a  rapidly-acting  cardiac 
stimulant ;  and  nitrous  oxide  so  quickly  abolishes  consciousness 
that  any  apprehension  which  the  patient  may  feel  soon  vanishes. 
Chloroform,  on  the  other  hand,  is  inferior  to  ether  as  a  cardiac 
stimulant,  and  takes  a  longer  time  than  nitrous  oxide  to  abolish 
consciousness.  It  is,  therefore,  possible,  without  imputing  to 
chloroform,  properly  diluted  with  air,  any  positively  depressing 
influence  upon  the  circulation  at  the  outset  of  the  inhalation,  to 
explain  the  infrequency  of  similar  cardiac  depression  under  other 
more  stimulating  and  more  rapidly  acting  anaesthetics.  Too 
sparing  and  too  slow  an  administration  of  chloroform  may,  by 
prolonging  the  period  during  which  consciousness  is  unaffected, 
be  decidedly  favourable  in  certain  subjects  to  this  early  syncope. 
Rapid  loss  of  consciousness,  such  as  that  which  would  result  from 
a  continuous  and  moderately  free  use  of  the  agent,  certainly  has 
an  advantage  in  the  case  of  extremely  nervous  and  apprehensive 
persons.  With  these  considerations  before  us  it  would  seem  pro- 
bable that  death  at  the  commencement  of  chloroform  inhalation 
has,  as  its  primary  cause,  extreme  mental  emotion  and  fear  ;  and 
that  the  anaesthetic  can  only  be  blamed  in  so  far  that,  unlike  ether, 
it  does  not  produce  that  intensely  stimulating  effect  upon  the 

1  An  interesting  case  is  recorded  by  Kappeler  ('Ansesthetica,'  p.  nS).  The 
patient  was  a  man,  ast.  40  ;  an  amputation  had  to  be  performed.  He  was  so 
feeble  that  chloroform  was  not  considered  advisable  ;  so  a  pretence  was  made 
to  administer  the  agent  by  means  of  a  cloth,  but  no  chloroform  was  used. 
After  four  inspirations,  respiration  and  circulation  suddenly  ceased  ;  the  man 
was  dead.  This  case  is  interesting  because  it  is  in  the  highest  degree  pro- 
bable that  a  similar  result  would  have  attended  the  use  of  chloroform,  and 
that  the  death  of  the  patient  would  have  been  attributed  to  the  drug.  Sir 
James  Simpson  refers  to  a  somewhat  similar  case,  in  which  a  patient  suddenly 
expired  during  the  shaving  of  the  groin,  preparatory  to  an  operation  for  hernia. 
Other  instances  of  the  kind  might  be  cpioted.  See  Sir  James  Simpson's  works, 
vol.  ii.  p.  144. 

2  Op.  cit.,  pp.  201-21 1. 
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circulation  which  is  capable  of  counteracting  the  depressing  influ- 
ence of  fright.  It  must  be  confessed,  however,  that  these  excep- 
tional cases  are  still  somewhat  shrouded  in  mystery,  and  that, 
before  all  the  clinical  facts  which  have  been  brought  forward  can 
be  harmonised,  further  observation  and  research  are  needed.  I 
have  never  myself  witnessed  any  condition  at  all  corresponding 
to  that  here  referred  to. 

(b.)  As  is  well  known,  the  act  of  vomiting  may  be  accompanied 
by  cardiac  depression  of  greater  or  less  severity  •  and  cases  are 
on  record  in  which  fatal  syncope  has  thus  arisen,  during  or  after 
chloroformisation.1  The  graver  forms,  however,  of  vomiting- 
syncope  appear  to  be  only  met  with  in  patients  who  are  at  the 
time  in  a  feeble  condition.  The  more  vigorous  the  patient,  the 
less  seems  to  be  the  risk  of  syncope  during  vomiting.  We  must 
remember,  however,  that  the  strongest  person  may  be  placed  in 
an  unfavourable  condition,  so  far  as  the  actual  effect  of  vomiting 
is  concerned,  by  the  faulty  and  too  sparing  administration  already 
discussed  (p.  193).  The  half -asphyxiated  and  feeble  state,  brought 
about  by  a  faulty  method  of  administration,  is  probably  favour- 
able to  the  occurrence  of  vomiting-syncope.  Emaciated  and 
exhausted  subjects,  such,  for  example,  as  those  suffering  from 
intestinal  obstruction,  are  particularly  prone  to  succumb  under 
chloroform  (or  indeed  any  anaesthetic)  during  an  act  of  vomiting. 

Vomiting  never  takes  place  during  very  profound  anaesthesia. 
It  will  therefore  either  arise  in  the  period  preceding,  or  in  that 
following  surgical  narcosis.  When  the  stomach  is  full  of  undi- 
gested food,  a  few  breaths  of  chloroform  vapour  may  be  sufficient 
to  cause  this  organ  to  expel  its  contents.  But  whether  food  is  or 
is  not  present  in  the  stomach,  a  slow  and  intermittent  administra- 
tion is  particularly  liable  to  induce  emesis — a  fact  which  may 
possibly  act  as  a  key  to  some  of  the  chloroform  fatalities  in  which 
remarkably  small  doses  of  the  drug  have  been  used. 

Symptoms  of  impending  vomiting  may  occur  during  chloro- 
formisation, and  yet  the  act  of  vomiting  may  never  take  place. 
The  pallor,  feeble  pulse,  dilated  pupil,  and  shallow  breathing  are 
hence  often  misunderstood,  and  attributed  to  the  anaesthetic ; 
whereas  they  may  be,  in  reality,  clue  to  too  sparing  a  use  of  the 
chloroform.  Whether  such  symptoms,  originally  developing  in 
association  with  vomiting,  ever  end  fatally  in  weakly  persons 
without  the  supervention  of  actual  retching  or  vomiting  to  testify 
to  their  nature,  is  a  matter  for  future  inquiry.  It  is  quite 
possible  that  the  syncope  referred  to  by  Dr.  Kirk  (p.  193)  may 
be  of  this  kind. 

1  As  an  illustrative  case,  see  Brit.  Med.  Journ.,  July  21,  1888,  p.  135,  and 
June  14,  1884,  p.  1 162. 
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(a.)  Physiological  research  and  clinical  observation  are  in  com- 
plete accord  concerning  the  deleterious  effects  produced  upon  the 
circulation  by  any  asphyxial  complication  during  the  administra- 
tion of  chloroform.  Obstructed  or  inadequate  breathing,  from 
whatever  cause  arising,  quickly  interferes  with  cardiac  action — 
far  more  quickly  than  in  the  case  of  ether.  The  danger  of  the 
asphyxial  element  in  chloroform isation  has  been  recognised  for 
many  years ; 1  and  the  late  Hyderabad  Chloroform  Commission 
have  recently  re-directed  attention  to  it. 

I  have  often  had  occasion  to  satisfy  myself  of  the  marked 
influence  which  embarrassed  respiration  exerts  upon  the  circula- 
tion. I  have  known  the  pulse  of  a  feeble  old  man  under  chloro- 
form to  lose  its  regularity  and  to  become  weaker,  as  the  immediate 
I'esult  of  slightly  hampered  breathing,  due  to  the  introduction  of 
a  Mason's  gag ;  and  have  observed  that  such  symptoms  have 
passed  away  directly  free  respiration  has  become  re-established. 
I  have  also  seen  several  cases  in  which  partially  obstructed 
breathing  (as  from  laryngeal  spasm,  blood  in  the  air-passages, 
&c.)  has  been  quickly  followed  by  signs  of  circulatory  depression, 
which  signs  have  passed  away  when  free  breathing  has  become 
established.  Too  much  stress  cannot  be  laid  upon  the  fact  that 
the  so-called  '  syncope '  of  chloroform  has  frequently  been  the 
immediate  outcome  of  respiratory  inadequacy  or  embarrassment, 
which  has  been  overlooked  by  the  administrator.  When  dan- 
gerous symptoms  arise  under  chloroform,  they  usually  occur  in 
such  rapid  succession  that,  unless  the  anaesthetist  be  on  his  guard, 
he  may  easily  fail  to  recognise  feeble  or  obstructed  breathing ; 
and  the  first  indication  of  danger  apparent  to  him  under  such 
circumstances  may  be  pallor  of  the  features,  or  loss  of  pulse — 
symptoms  which  he  may  erroneously  regard  as  primarily  due  to 
the  direct  effect  of  the  anajsthetic  upon  the  circulation. 

Sir  Joseph  Lister  has  pointed  out  that  resjjiration  may  become 
noiselessly  obstructed  under  chloroform.  When  the  stage  of 
excitement  and  struggling  is  well  marked;  as  it  frequently  is  in 
alcoholic,  extremely  sensitive,  or  vigorous  subjects,  the  heart's 
action  may  be  interfered  with  by  reason  of  the  respiratory 
embarrassment.  Spasm  of  the  respiratory  muscles,  by  suspend- 
ing thoracic  movement  and  causing  diminished  blood  oxygenation, 
leads  to  a  retardation  of  the  pulmonary  circulation,  and  conse- 
quently to  an  over-distended  state  of  the  right  heart;2  whilst 

1  MM.  Sedillot  and  Claude  Bernard  especially  drew  attention  to  the  danger 
of  asphyxial  symptoms  during  the  administration  of  chloroform,  and  pointed 
out  that  such  symptoms  were  liable  to  be  rapidly  followed  by  syncope.  (See 
Lancet,  April  17,  1875,  P-  549-) 

2  See  '  An  Essay  on  Asphyxia,'  by  Sir  George  Johnson,  F.R.S.  See  also 
Lancet,  vol.  i.  189 1,  pp.  760  and  814. 
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general  muscular  spasm  adds  to  this  distension  by  increasing  the 
influx  of  venous  blood.  We  are  all  familiar  with  the  external 
manifestations  of  this  venous  engorgement  during  the  period 
immediately  preceding  surgical  anaesthesia.  Several  cases  have 
been  recorded  in  which  syncope  unquestionably  arose  in  connec- 
tion with  excitement  and  struggling  under  chloroform.1  The 
more  vigorous  the  circulation,  and  the  lighter  the  anesthesia  at 
the  time,  the  longer  will  the  heart  stand  out  against  the  strain. 
A  feeble,  fatty,  or  dilated  heart,  more  especially  if  the  patient 
should  be  in  the  sitting  posture,  may  readily  fail  during  a  com- 
paratively minor  degree  of  respiratory  embarrassment. 

(cl.)  The  surgical  procedure  for  which  chloroform  is  adminis- 
tered may,  of  itself,  produce  all  grades  of  cardiac  failure.  There 
seems  to  be  a  greater  tendency  to  this  complication  under  chloro- 
form than  under  nitrous  oxide  or  ether ;  and  there  is  ample 
ground  for  the  belief  that  it  is  more  liable  to  arise  during  a  light 
or  moderately  deep,  than  during  a  very  profound  anesthesia. 
(See  Illustrative  Cases,  No.  38,  p.  318  ;  No.  39,  p.  319  ;  No.  40, 
p.  320;  and  No.  41,  p.  321.) 

The  entry  of  air  into  veins  during  surgical  ojaerations  has  been 
regarded  by  many  writers  as  responsible  for  numerous  cases  of 
fatal  syncope  during  anaesthesia.  But  it  is  questionable  whether 
the  symptoms  which  have  been  attributed  to  this  occurrence  have 
not  in  reality  been  due  to  other  conditions.2 

4.  The  Passage  of  Foreign  Bodies  (Blood,  Vomited 
Matters,  &c.)  into  the  Larynx  and  Trachea. — For  remarks 

on  this  subject  the  reader  is  referred  to  Part  III.,  Chap.  II.  p.  286. 

5.  Other  Dangers. — These  will  be  considered  below  (E. 
After-Effects,  p.  235). 

D.  THE  DEPTH  OF  ANESTHESIA  NECESSARY  FOR 
SURGIGAL  OPERATIONS. 

We  can  readily  understand  the  discrepancies  of  opinion  con- 
cerning the  effects  produced  by  chloroform,  when  we  reflect  that 
administrators  of  large  experience  differ  widely  as  to  the  degree 
of  anaesthesia  which  they  consider  to  be  appropriate  for  surgical 

1  See  my  paper  in  vol.  lxxiv.  of  the  Trans.  Roy.  Med.  Chir.  Soc,  p.  107, 
in  which  numerous  cases  are  referred  to. 

2  The  reader  is  referred  to  an  interesting  and  original  paper  by  Dr.  H.  A. 
Hare  of  Pennsylvania,  on  '  The  Effect  of  the  Entry  of  Air  into  the  Circulation  ' 
{Therapeutic  Gazette,  3rd  ser.,  vol.  v.  p.  606).  Dr.  Hare  found  by  numerous 
experiments  that,  unless  air  was  introduced  in  very  large  quantities  into  the 
veins  of  the  lower  animals,  no  serious  results  could  be  produced.  It  should  be 
mentioned,  however,  that  the  dogs  which  he  used  were  either  experimented 
upon  without  any  ana:sthetic  or  were  under  ether,  not  chloroform. 
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operations.  One  chloroformist  will  work  with  a  light  anaes- 
thesia ;  another  with  a  moderately  deep  anaesthesia ;  and  another 
with  a  very  deep  anaesthesia.  The  success  of  Syme  in  adminis- 
tering chloroform  appears  to  have  been  principally  due  to  the 
almost  invariable  maintenance  of  a  profound  narcosis.  From 
what  has  been  already  said,  the  reader  will  have  gathered  that 
the  surest  way  to  avoid  irregular  and  hampered  breathing  (which 
is  liable  to  be  followed  by  circulatory  depression)  is  to  work  with 
that  depth  of  anaesthesia  in  which  such  alterations  in  respira- 
tions are  impossible.  The  lighter  the  anaesthesia,  the  more  liable 
will  the  patient  be  to  respiratory  and  circulatory  changes  of 
an  inconvenient,  and  possibly  dangerous  nature.  In  the  early 
days  of  chloroform,  patients  were  rarely  thoroughly  narcotised. 
Struggling,  tonic  spasm,  holding  the  breath,  retching,  vomiting, 
and  other  symptoms  of  imperfect  anaesthesia  were  the  rule,  rather 
than  the  exception.  The  patient  was  usually  placed  moderately 
deeply  under  chloroform  ;  the  operation  quickly  performed;  and 
in  many,  if  not  in  most  cases,  no  more  of  the  anaesthetic  was  ad- 
ministered. In  those  operations  which  could  not  be  thus  rapidly 
completed,  the  patient  was  allowed  to  become  nearly  conscious 
before  more  chloroform  was  given.  Simpson,  Syme,  and  Lister 
have,  in  their  turn,  drawn  attention  to  the  importance  of  a  more 
free  and  uniform  exhibition  of  this  agent ;  and  the  profession  is 
greatly  indebted  to  these  observers  for  their  emphatic  teaching. 
If  chloroform  is  to  be  given  at  all,  it  must  not  be  given  too 
sparingly.  But,  as  has  been  before  pointed  out,  the  maintenance 
of  a  profound  narcosis  reduces  the  workable  area  under  chloro- 
form to  somewhat  narrow  limits.  In  other  words,  if  we  wish  on 
the  one  hand  to  avoid  the  dangers  of  a  light  anaesthesia,  and  on 
the  other  to  keep  away  from  the  phenomena  of  an  over-dose,  we 
shall  find  our  task  by  no  means  so  easy  as  is  often  supposed. 

Most  of  that  which  has  already  been  said  with  reference  to  the 
maintenance  of  a  right  degree  of  ether  anaesthesia  will  apply  to 
chloroform ;  but  there  are  some  differences  in  the  two  cases 
which  are  of  considerable  importance. 

As  in  the  case  of  ether,  the  anaesthetist,  having  once  secured 
a  satisfactory  form  of  anaesthesia,  must  be  guided  by — 
(a.)  The  respiration ; 

(&.)  The  occurrence  of  swallowing  movements  ; 
(c.)  The  lid-reflex ;  and 
(d.)  The  state  of  the  eye  and  pupil. 
But  in  addition  to  these  guides,  experience  teaches  us  that  it 
is  necessary  to  frequently  consult — 

(e.)  The  strength  and  frequency  of  the  pulse ;  and 
if.)  The  colour  of  the  face  and  lips. 
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Finally,  cases  occasionally  occur  in  which 

(g.)  Rigidity  of  the  muscles  in  various  parts  of  the  body 
(hands,  neck,  &c.) 
may  help  the  administrator  in  deciding  as  to  the  proper  level  at 
which  he  should  keep  his  patient. 

(a.)  If  one  symptom,  and  one  symptom  only,  is  to  be  taken  as 
a  guide  during  chloroform  administration,  the  respiration  should 
undoubtedly  be  selected.  When  once  a  softly  snoring  form  of 
breathing  has  been  secured,  an  endeavour  should  be  made  to 
maintain  it.  The  withdrawal  of  the  anaesthetic  will  lead  to 
tranquil  and  inaudible  respiration  ;  whilst  an  increased  quantity 
of  chloroform  will,  in  most  cases,  favour  the  continuance  of  (or 
even  augment)  the  existing  stertor.  I  say  in  most  cases,  because 
it  is  sometimes  impossible  to  obtain  this  desirable  state  of  respira- 
tion ;  and  the  administr-ator  may  be  in  doubt  as  to  the  depth  of 
the  narcosis.  Should  the  breathing  be  inaudible,  the  adminis- 
trator may  usually  cause  a  softly  snoring  sound  to  manifest  itself 
by  gently  pressing  the  lower  jaw  backwards  ;  and  this  artificially 
produced  stertor  will  often  act  as  a  good  guide.  Owing  to  the 
tendency  for  tranquil  respiration  to  occur  under  chloroform,  even 
when  an  insensitive  conjunctiva,  a  moderately  contracted  pupil, 
and  muscular  flaccidity  are  present  to  testify  to  the  establishment 
of  deep  anaesthesia,  the  administrator  will  not  infrequently  be  in 
a  state  of  doubt  as  to  the  degree  of  narcosis,  if  he  relies  solely  on 
the  respiration.  He  will  not  know  whether  the  quiet  breathing 
indicates  a  too  light  or  a  too  deep  anaesthesia ;  and  in  the  absence 
of  other  indications  he  may  therefore  erroneously  administer  too 
much  or  too  little  of  the  anaesthetic,  as  the  case  may  be.  Fortu- 
nately other  guides  come  to  the  rescue,  and  by  the  assistance  of  an 
act  of  deglutition,  a  smaller  pupil,  slight  lid-reflex,  an  expiratory 
noise,  or  a  tendency  towards  tonic  muscular  spasm,  the  admini- 
strator becomes  aware  that  the  tranquil  respiration  is  indicative 
of  too  light  an  anaesthesia.  As  a  general  rule  we  may  say  that — 
Inaudible  breathing, 
A  good  colour, 

A  moderately  contracted  or  contracted  pupil,  and 

A  slight  degree  of  lid-reflex, 
collectively  indicate  the  need  for  more  of  the  anaesthetic ;  and,  as 
the  result  of  increasing  the  quantity  of  chloroform,  respiration 
will  quickly  become  audible  and  deeper.  If  the  patient  should 
have  been  allowed  to  come  so  far  out  of  a  deep  anaesthesia  that 
the  inaudible  breathing  is  associated  with  pallor,  feeble  pulse,  and 
other  indications  of  approaching  vomiting,  it  may  be  difficult,  or 
even  impossible,  to  secure  a  deeper  and  noisier  breathing  till  the 
vomiting  has  taken  place. 
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A  vei-y  deep  chloroform  anaesthesia  is  not  infrequently  associated 
with  a  somewhat  shallow  and  hampered  form  of  breathing;  but 
this,  if  carefully  watched,  does  not  seem  to  be  fraught  with  any 
great  danger.  It  may  indeed  be  necessary  in  certain  cases,  and 
in  certain  subjects,  to  proceed  to  this  degree,  in  order  to  avoid 
reflex  difficulties.  The  breathing  in  question  is  usually  associated 
with  the  absence  of  lid- reflex,  slight  duskiness  of  the  features, 
and  a  rather  slow  regular  pulse,  which,  although  not  as  full  as  in 
a  less  profound  anaesthesia,  is  not  markedly  feeble.  When  the 
patient  has  passed  into  this  condition  the  administrator  will  find 
that  by  briskly  rubbing  the  face  and  lips  1  with  a  dry  towel  he 
can  generally  maintain  efficient  respiration,  and  consequently 
a  better  pulse  and  colour. 

High-pitched  crowing  breathing  (inspiratory)  is  of  considerable 
interest  in  connection  with  the  administration  of  chloroform. 
Generally  speaking,  profound  anaesthesia  prevents  its  occurrence. 
In  certain  operations,  however,  it  is  practically  impossible  to 
obviate  the  laryngeal  stridor,  even  by  vei-y  large  doses.  Should 
it  tend  to  culminate  in  total  cessation  of  breathing,  an  increase 
in  the  quantity  of  chloroform  will  usually  avert  the  difficult  v  ; 
but  this,  as  already  mentioned  (p.  222),  is  not  always  the  case. 

The  manner  in  which  expiration  is  performed  will  often  assist 
the  administrator,  and  I  cannot  do  better  than  quote  from  Dr. 
Sheppard's  notes,  in  which  I  find  the  following  interesting 
remarks : — 

"  It  would  be  useful  and  of  practical  importance  to  get  at  the  exact 
series  of  signs  connected  with  the  expirations,  as  they  are  of  great  use 
in  the  conduct  of  many  cases.  They  seem  to  occur  pretty  regularly  in 
the  following  order,  as  the  patient  emerges  from  the  deep  regular 
breathing  of  chloroform  narcosis.  (1.)  Slight  holding  of  the  breath 
before  the  commencement  of  expiration,  soon  developing  a  definite 
catch.  (2.)  The  expiratory  catch  becoming  definitely  vocal,  but  oidy 
occurring  at  the  commencement  of  expiration.  (3.)  Definite  expiratory 
phonation,  the  vocalisation  continuing  all  through  the  expiration,  or  it 
may  still  retain  the  character  of  (2.),  and  develop  into  straining.  (4.) 
Movements  of  tongue  and  lips,  &c,  producing  inarticulate  mumbling. 
(5.)  Definite  articulate  phonation." 


1  Mr.  Meredith,  of  the  Samaritan  Hospital,  informs  me  that  he  used  to  find 
this  little  procedure  of  great  value  in  the  administration  of  chloroform  for 
abdominal  section.  The  late  Dr.  C.  E.  Sheppard  also  found  it  of  advantage. 
In  consequence  of  the  recommendations  of  Mr.  Meredith  and  Dr.  Sheppard 
I  have  frequently  resorted  to  brisk  friction  of  the  lips  and  cheeks  when  any 
tendency  towards  feeble  respiration  or  circulation  has  arisen  under  chloro- 
form; and  always  with  good  results.  I  have  often  been  surprised  at  the 
immediate  improvement.  I  have  known  almost  imperceptible  breathing  to 
quickly  become  deeper  and  more  audible,  and  have  observed  this  change  to  be 
at  once  followed  by  a  better  pulse  and  colour. 
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(/;.)  All  that  has  been  said  with  regard  to  the  occurrence  of 
swallowing  movements  under  ether  will  apply  in  the  present 
instance  (p.  165). 

(c.)  The  lid-reflex  under  chloroform  appears  to  be  of  less  value 
as  a  guide  than  in  the  case  of  ether.  I  have  frequently  known 
patients  under  the  former  anaesthetic  to  be  wanting  in  all  traces 
of  this  phenomenon,  and  yet  to  be  liable  to  swallowing,  coughing, 
and  vomiting ;  whilst,  on  the  other  hand,  cases  frequently  occur 
in  which  a  somewhat  brisk  lid -reflex  may  be  witnessed  in  associa- 
tion with  unmistakable  signs  of  a  proper  degree  of  chloroform- 
isation.  In  order  to  understand  these  apparent  anomalies  certain 
facts  must  be  borne  in  mind.  In  the  first  place,  there  can  be  no 
doubt  that  this  reflex  should  be  absent  at  the  moment  when  the 
operation  is  commenced  ;  but  other  signs  of  profound  anaesthesia 
should  also  be  present,  lest  the  administrator  be  deceived.  In 
robust  patients  undergoing  operations  upon  sensitive  parts,  the 
lid-reflex  should,  as  a  general  rule,  be  kept  in  abeyance  throughout. 
Old  people,  feeble  subjects,  and  those  who  have  lost  much  blood, 
or  have  become  otherwise  exhausted  by  the  operation,  may  usually 
be  allowed  to  exhibit  lid-reflex  occasionally.  I  am  convinced  that 
it  is  frequently  necessary  to  maintain  a  deeper  anaesthesia  than 
that  present  at  the  moment  when  the  lid-reflex  disappears ;  but 
the  administrator  can  only  decide  this  point  by  taking  into 
account  the  general  physique  of  his  patient,  the  nature  of  the 
operation,  and  the  behaviour  of  the  circulation  and  respiration 
during  profound  anaesthesia.  There  are  certain  operations  which 
are  better  performed  during  a  moderately  deep  anaesthesia,  such, 
for  example,  as  those  for  the  removal  of  tonsils  or  nasal  polypi ; 
and  in  such  cases  it  is  best  not  to  abolish  the  lid-reflex  save  for  a 
few  seconds  at  a  time.  Some  authors  have  stated  that  no  daneer 
can  arise  under  chloroform  so  long  as  the  lid-reflex  is  present ; 
but  this  doctrine  is  certainly  erroneous,  and  is  liable  to  lead  to 
serious  results  if  applied  to  cases  in  which  a  light  anaesthesia 
would  involve  respiratory  embarrassment.  (See  Illustrative  Case, 
No.  29,  p.  294.) 

(d.)  Most  of  what  has  been  said  concerning  the  value  of  the 
eye  and  pupil  as  guides  to  the  degree  of  ether  ansesthesia  will 
apply  to  chloroform.  As  already  mentioned,  the  average  chloro- 
form pupil  is  smaller  than  the  average  ether  pupil.  Like  the 
latter  it  is  most  useful  when  other  signs  are  equivocal ;  as,  for 
example,  when  the  breathing  is  shallow  and  the  lid-reflex  absent. 
Moreover,  when  from  the  nature  of  the  operation  the  breathing 
is  deprived  of  its  usual  characters,  variations  in  the  size  of  the 
pupil  in  response  to  more  or  less  of  the  anaesthetic  may  be  very 
significant. 
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The  following  table  will  show  the  size  of  the  pupil  in  23  ad- 
ministrations, the  operation  being  in  progress  at  the  time  the 
size  was  recorded  : — 


Oases  showing  the  Size  of  the  Pupil  during  Deep  Chloroform  A  ncedhesia ; 

Operation  Proceeding. 


No. 

Patient. 

1  iperation. 

Size  of  Pupil. 

I 

F.  23.  Healthy. 

Ovariotomy. 

^  (5i  mm.) 

2 

Average  middle- 
aged  man. 

Radical  cure  of  her- 
nia. 

#  to  0  (3  to  34  mm.) 

-I 

0 

Stout  middle-aged 
woman. 

Amputation  of  breast. 

©  (2J  mm.) 

4 

man. 

1?  'lftii^nl   nil  t*P    <"if    n  PI'  - 

nia. 

9  (2i  mm.) 

5 

Thin  and  pale. 

\  liilnininnl  sppfcirm 

.  \  1  M  1 1  )  1 1 1  1  ]  1  1  L  1    0<>  L.  1'  1  '  '  1  1  . 

{  O  >     111  1T\    1           1  f    11 » 1  Tl 
I  £,  .)    Illlii.l.         1  \    III  1 11 . 

elapsed    before  the 
pupils  settled  down 
to  this  size. 

6 

M.   51.  Average 
height  and  build. 

Operation  on  clavicle. 

©  to       (2.',  to  3  mm.) 

7 

M.  about  55.  Spare 
and    of  average 
height. 

Tyinglingual  arteries 
before  excision  of 
tongue. 

•  t"  ^  i  1  '  to  2  mm.) 

M.   3.  Strumous. 
Florid. 

Spinal  abscess. 

$  (2i  mm.) 

9 

Child   of   2  years. 
Fairly  nourished. 

Radical  cure  of  her- 
nia. 

•  t»  9  l[l  t°  2  mm.) 

10 

F.16.  Healthy  look- 
ing. 

Glands  in  neck. 

^fe  (4^  mm.)  Proba- 

^■7     bly  partly  reflex. 

1 1 

F.  74.  Thin. 

Malignant  growth  of 
umbilicus.  Abdo- 
minal exploration. 

£  (2  mm.) 

12 

F.  65.    Florid,  alco- 
holic, and  a  little 
bronchitic. 

Amputation  of  breast. 

#  to  0  (24  to  3  mm.) 

13 

F.  16.    Well  devel- 
oped and  florid. 

Cervical  glands. 

£  (3  mm.)  A  less  deep 
anEesthesia  made  pu- 
pils  larger  (reflex). 
Compare  with  Case 
I  10. 
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Gases  showing  the  Size  of  the  Pupil  during  Deep  Chloroform  Ancesthesia ; 
Operation  Proceeding  (continued). 


14 

Child  3  years.1 

For  ftecal  fistula  in 
anterior  abdominal 
wall. 

(4!  mm.)  Deep 
ancesthesia. 

is 

F.  24.  Average. 

Cervical  glands. 

Deep  anaesthesia. 

16 

F.  42.  Chronic  bron- 
chitis. 

Abdominal  section. 

0  to  £  (2  to  3  mm.) 

17 

M.  65.    Well  built, 
tall,  slight  bron- 
chitis, heart's  ac- 
tion irregular. 

Abdominal  section 
for  obstructive 
jaundice. 

A  (zh  mm.) 

18 

F.  47.    Very  emaci- 
ated. 

For  chronic  intesti- 
nal obstruction. 

%  (z\  mm.) 

19 

M  22.    Well  built. 

Operation  on  vermi- 
form appendix. 

0  i<i  ^  (2 \  to  3  mm.) 

20 

F.19.  Tall.  Healthy 
looking. 

Cervical  glands. 

O  (3  mm0 

21 

F.  42.  Average. 

Abdominal  section. 

djjflt  (5  mm.)  Probably 
reflex. 

22 

F.  15.  Healthy  look- 
ins'. 

Cervical  glands. 

%  to  £  (2^  to  3  mm.) 

23 

F.  6.    Healthy  look- 
ing child. 

Cleft  palate. 

9  to         (2  to  5  mm. ) 

As  a  rule  Q  (3  mm.) 

Prom  this  table  it  will  appear  that  the  commonest  size  was 
2 \  mm.,  and  that  the  next  commonest  was  2 J  to  3  mm.,  whilst 
operations  were  being  performed  during  deep  anaesthesia.  The 
following  extract  from  Dr.  Sheppard's  notes  is  worth  quoting  in 
this  connection  : — 


"  The  dilated  pupil  is  an  excellent  guide  as  an  indication  of  returning 
consciousness,  but  one  must  be  very  certain  that  the  patient  is  recovering 
and  not  actually  becoming  more  deeply  narcotised.  .  .  .  On  administering 
a  fresh  dose,  5  to  10  minims,  of  chloroform  to  a  child  with  the  dilated 
pupil  of  recovery,  the  effect  is  not  immediate,  but  after  five  or  six  inspi- 
rations after  cessation  of  chloroform,  the  pupil  becomes  contracted. 
The  postponed  operation  of  chloroform  is  better  seen  in  this  way  than 
in  any  other.  Hence  the  danger  of  even  5  minims  to  a  child  with  the 
dilated  pupil  of  deep  narcosis." 

1  This  child  was  anaesthetised  by  my  friend  the  late  Dr.  Sheppard,  at  the 
Middlesex  Hospital,  and  I  took  notes  of  the  case. 
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Speaking  generally,  a  dilated  pupil  plus  conjunctival  reflex 
calls  for  more  chloroform;  whereas  a  dilated  pupil  minus  con- 
junctival reflex  should  be  taken  to  mean  immediate  withdraw,,  I 
of  the  anaesthetic  till  the  pupil  has  become  smaller,  or  the  con- 
junctiva slightly  sensitive. 

(e.)  Those  who  maintain  that  the  pulse  should  be  disregarded 
during  chloroformisation  will  be  far  more  likely  than  others  to 
occasionally  overstep  the  boundaries  of  safety.1  Whilst  every 
one  must  admit  that  the  continuous  observation  of  the  pulse 
is  unnecessary,  and  in  many  cases  is  liable  to  mislead,  there 
can  be  no  doubt  that,  when  any  uncertainty  exists  as  to  the 
general  condition  of  the  patient,  the  pulse  will  often  be  of 
great  service.  Like  the  pupil,  the  pulse  is  of  value  as  a  corrobo- 
rative landmark.  When  all  the  signs  of  deep  anaesthesia  are 
present,  a  marked  slowing  of  the  pulse  may,  for  example,  indi- 
cate that  the  anaesthetic  should  be  withdrawn  for  a  while.  In 
rare  cases  it  is  impossible  to  proceed  beyond  a  certain  point  with- 
out inducing  an  intermittent  action  of  the  heart ;  and  such  cases 
must  be  similarly  treated. 

In  drawing  conclusions  from  the  pulse,  we  must  bear  in  mind 
that  its  force  under  chloroform  is  noticeably  dependent  upon  the 
efficiency  and  amplitude  of  the  respiratory  movements.  Other 
tilings  being  equal,  the  better  the  respiration  the  better  will  be 
the  pulse.  As  deep  respiration  is  usually  the  result  of  a  deep 
anaesthesia,  and  vice  versd,  it  follows  that  the  pulse  may  improve 
by  giving  more  of  the  anaesthetic. 

The  administrator  should  occasionally  consult  the  temporal, 
facial,  or  superior  coronary  pulse.  If  he  can  feel  a  fair  pulse  in 
either  of  the  two  former  arteries,  he  may  depend  upon  the  wrist  - 
pulse  being  better  than  he  anticipates.  I  have  often  been  unable 
to  distinguish  a  temporal  pulse,  although  the  radial  was  at  the 
moment  of  fair  volume.  I  find  the  superior  coronary  pulse, 
which  is  readily  felt  on  the  inside  of  the  upper  lip,  to  be  very 
accessible  during  chloroform  administration. 

(/.)  The  colour  of  the  face  and  lips  can  hardly  fail  to  be  ob- 
served, except  perhaps  during  certain  operations  upon  or  near 
these  parts.  It  is  a  mistake  to  suppose  that  the  approach  of 
danger  may  be  invariably  detected  by  alteration  of  colour ;  cases 
having  been  reported  in  which  considerable  cardiac  depression 
existed  without  a  marked  change.  Cyanosis  indicates  that, 
though  cardiac  action  is  proceeding  satisfactorily,  deficient  aera- 

1  Mr.  J.  Mills,  who  has  had  a  large  experience  in  the  administration  of  auses- 
thetics  {Lancet,  vol.  ii.  1880,  p.  912),  directs  attention  to  the  advantages  of 
watching  the  pulse  during  the  administration  of  chloroform,  and  quotes  three 
cases  illustrating  this  point. 
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tion  is  present;  and  more  air  should  be  admitted.  Pallor  occurring 
during  a  light  anaesthesia  generally  means  the  approach  of  vomit- 
ing. The  administrator  should  endeavour  to  maintain  a  good 
colour  throughout.  He  is  most  likely  to  succeed  in  this  by 
keeping  up  a  deep  anaesthesia,  which,  as  we  have  seen,  is  favour- 
able to  deep  respiration  and  good  circulation. 

E.  AFTER-EFFECTS. 

After  the  withdrawal  of  the  anaesthetic  the  respiration  will 
gradually  become  quieter,  and  probably  inaudible.  Conjunc- 
tival reflex  will  become  re-established.  The  pupils  will  regain 
their  mobility,  and  will  either  grow  larger  or  smaller  than  they 
were.  Dilatation  commonly,  though  not  invariably,  occurs  when 
vomiting  is  about  to  take  place.  Contraction  is  prone  to  ensue 
when  the  patient  is  left  wholly  undisturbed. 

The  rapidity  with  which  such  signs  of  returning  consciousness 
appear  will  vary  not  only  with  the  quantity  of  anaesthetic  inhaled, 
but  with  other  circumstances  which  need  not  now  concern  us. 

The  after-effects  of  chloroform  differ  considerably  in  different 
cases ;  and  we  are  still  to  a  great  extent  in  the  dark  as  to  the 
factors  which  come  into  play  in  their  production.  The  patient 
who  has  been  kept  deeply  and  properly  anaesthetised  will  usually 
make  a  very  satisfactory  recovery,  provided  that  there  is  no 
mechanical  interference  with  the  elimination  of  the  anaesthetic. 
The  cough  or  act  of  retching,  at  the  termination  of  the  adminis- 
tration, will  bring  back  a  good  colour  to  his  face  and  lips,  and  if 
left  to  himself  he  will  probably  pass  into  a  quiet  sleep.  When 
inadequate  quantities  of  the  anaesthetic  have  been  given,  so  that 
the  patient's  respiration  has  been  more  or  less  hampered  over  a 
considerable  period  by  swallowing,  coughing,  straining,  vomiting, 
&c,  recovery  from  the  effects  of  chloroform  is  not  so  satisfactory. 
Pallor  is  more  common  ;  and  the  pulse  may  remain  feeble  for  a 
considerable  time.  A  similarly  unsatisfactory  recovery  is  also 
common  when  dangerous  symptoms  have  manifested  themselves 
during  the  inhalation,  and  have  required  such  treatment  as  the 
application  of  the  tongue  forceps,  or  artificial  respiration. 

Transient  nausea,  retching,  and  vomiting  are  not  as  frequent 
after  chloroform  as  after  ether ;  but  troublesome  and  distressing 
vomiting  is  certainly  more  common  in  the  case  of  chloroform. 
The  almost  characteristic  retching  immediately  after  etherisation 
has  been  fully  discussed  (p.  168).  Owing  to  the  smaller  quan- 
tities of  mucus  secreted  under  chloroform,  coughing  and  straining 
are  not  so  frequently  witnessed  as  immediately  after  the  with- 
drawal of  ether.    This  has  led  many  to  think  unfavourably  of 
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ether  in  this  respect.  But  we  ought  hardly  to  reckon  the  tran- 
sient ether-retching  as  in  any  way  inconvenient :  it  very  soon 
passes  off.  When  vomiting  comes  on  after  chloroform,  it  is  far 
more  likely  to  prove  distressing  to  the  patient,  and  intractable 
to  treatment.1  Ether-vomiting  is  like  ether-hseinorrhage — brisk 
at  the  time,  but  unlikely  to  recur.  Chloroform  nausea  and 
retching  often  persist  after  the  stomach  has  ejected  its  contents  2 
(supposing  food,  mucus,  &a,  to  have  been  present 3). 

There  appears  to  be  little  or  no  risk  of  subsequent  oedema  or 
catarrh  of  the  bronchi  or  lungs  after  chloroform — at  all  events 
no  risk  attributable  to  the  anaesthetic.  Patients  have  not 
infrequently  been  attacked,  however,  by  fatal  bronchitis 
after  chloroformisation,  but  an  open  window,  or  prolonged 
exposure  of  the  chest,  has  usually  been  to  blame,  and  not  the 
chloroform 

Transitory  mental  and  muscular  excitement,  similar  to  that 
referred  to  when  dealing  with  the  after-effects  of  ether,  may 
occur  in  hysterical  and  neurotic  subjects.  Delirium  lasting 
three  days  has  been  recoi'ded.4  Loss  of  speech5  (attxibuted  to 
cerebral  haemorrhage)  has  also  supervened  after  chloroformisation. 
Persons  who  have  had  maniacal  attacks  before  the  administra- 
tion of  chloroform,  have  been  known  to  suffer  from  a  recurrence 
of  their  mental  disorder  after  the  use  of  this  anaesthetic.6 

Although  albuminuria  has  been  described  as  ensuing  upon 
chloroformisation,  there  is  no  definite  evidence  to  support  the 
view  that  the  anaesthetic  was  the  cause  of  the  symptom.7  Glyco- 
suria is  also  stated  to  have  been  met  with  after  chloroform. 

In  very  exceptional  cases  jaundice  has  been  induced  by  the 
use  of  chloroform.8 

Lastly,  it  has  been  alleged  that  the  frequent  inhalation  of 
chloroform  has  in  some  cases  been  followed  by  degenerative 

1  Snow  refers  to  a  case  in  which  vomiting  after  chloroform  proved  fatal  ; 
and  others  have,  I  believe,  occurred. 

2  This  is  pointed  out  by  Mr.  Marcus  Gunn  (Bril.  Med.  Journ.,  Sept.  19, 
1885). 

3  Snow  and  Clover  reckoned  that  vomiting  took  place  in  1  out  of  7  cases. 
They  probably  refer  to  severe  cases  only — not  to  transient  vomiting.  Mr. 
Rigden  (see  foot-note,  p.  169)  found  vomiting  to  occur  in  32.86  per  cent,  of 
his  cases,  and  of  these  it  was  noted  as  troublesome  in  16.17  per  cent. 

4  See  an  interesting  pamphlet,  '  Ether  as  an  Anaesthetic,'  by  Josiah  de 
Zouche,  M.D.,  of  Otago,  in  which  delirium  lasting  three  days  in  a  boy  of  14 
was  met  with  after  chloroform-inhalation. 

5  Lancet,  vol.  i.  1870,  p.  553.  Chloroform  was  given  for  a  tooth  extraction. 
The  aphasia  lasted  five  weeks. 

6  See  Savage,  Brit.  Med.  Journ.,  Dec.  3,  1887,  p.  1 199. 

7  See  Kappeler. 

8  Murchison,  1  Diseases  of  the  Liver,'  2nd  edition,  p.  407. 
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changes  in  the  heart  and  other  parts  of  the  body ;  but  further 
data  are  necessary  before  we  can  accept  any  such  statement. 1 


F.  ILLUSTRATIVE  CASES. 

The  following  cases  will  illustrate  many  of  the  points  to  which 
reference  has  been  made  in  the  preceding  portions  of  this  chapter. 

It  may  be  well,  in  the  first  place,  to  quote  a  couple  of  norrnal 
cases. 

Illustrative  Case,  No.  11. — F.,  eet.  19.  Tall :  well  developed  :  has 
a  flabby  appearance,  especially  about  lower  part  of  face  :  full  lips  :  no 
thoracic  abnormality  discoverable.  Removal  of  caseous  cervical  glands. 
Administration  lasted  one  hour.  Skinner's  inhaler.  Breath  held  a  little 
at  first.  No  excitement  or  struggling.  Respiration  became  gradually 
deeper  and  rougher.  After  5-6  min.  colour  good,  respiration  regular 
and  rough,  pulse  good  and  rather  slow,  pupils  ^  (  =  3  mm.),  conjunc- 
tiva barely  sensitive.  Operation  commenced.  No  reflex  movement. 
Respiration  continuing  satisfactory,  a  slight  lid-reflex  was  permitted, 
but  if  this  reflex  became  at  all  marked  more  chloroform  was  given. 
Less  chloroform  allowed  the  breathing  to  become  quieter,  the  pupils 
smaller,  and  the  lid-reflex  more  marked.  More  chloroform  had  exactly 
opposite  effects.  After  stitches  had  been  put  in,  and  the  anaesthetic 
withdrawn,  the  pupils  enlarged,  and  the  conjunctiva  became  very 
sensitive.  In  a  second  or  two  retching  commenced,  and  a  little  mucus 
was  ejected.    Pupils  then  gradually  got  smaller. 

Illustrative  Case,  No.  12. — Florid,  intelligent  girl,  oet.  16  :  average 

height,  and  slim  build:  pupils        (=  4^  mm.).    Removal  of  glands 

from  neck.    Administration  lasted  46  min.    Skinner's  inhaler. 
2.  5  p.m.    Administration  commenced. 
2.  9   ,,      Muttering  and  swallowing. 

2. 1 1  Pupils       (=  4  mm.). 

2.12  „      Ready  for  operation.    Pupils  £  to  £  (=  3~3i  mm.). 

Snoring  regular  breathing.    No  movement  with  inci- 
sion, but  pupils  went  to        (4  mm.). 
2.14  „      Less  stertor.    More  chloroform.    Stertor  more  marked  and 
pupils       (=5  mm.)    No  lid-reflex.   Very  good  colour 
and  pulse. 

2.16  „      Pupils  as  before.    Less  chloroform  seemed  to  make  pupils, 
if  anything,  larger.  I 

2.19  „      Pupils  still  5  mm  :  doubtfully  active  to  light.  Florid 

colour. 

2.20  „      An  act  of  deglutition.    Pupils  ^  (  =  4  mm.)  with  lid- 

reflex.  Increased  quantity  of  chloroform  now  produces 
larger  pupil. 


1  See  Ungar,  Brit.  Med.  Journ.,  Jan.  14,  18SS,  p.  91. 
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5.23  r.M.    A  slight  cough.    Pupils  ^  (  =  4^  mm.),    Increased  the 

chloroform.  Cough  subdued.  Slight  crowing  with 
inspiration.    Chloroform  again  increased  to  subdue  it. 

Pupils         (  =  5  mm.).   No  lid-reflex.   Pulse  goodand 

regular,  about  75. 
2.28   „      Whilst  glands  being  removed  from  neighbourhood  of  carotid 
and  jugular  the  respiration  became  shallow,  and  pulse  a 
trifle  less  full.   This  shallow  respiration  lasted  2-3  min. 

Lips  briskly  rubbed  with  good  result  Pupils 

(  =  4^  mm.).    No  lid-reflex. 
2.32   ,,     Respiration  stertorous  and  deeper  again.    Good  pulse  : 
doubtful  lid-reflex. 

2.35  „      Pupils  £  (=3^  mm.).    No  lid-reflex.    A  little  moaning 

with  expiration,  and  less  stertor.  Chloroform  in- 
creased, and  with  result  of  deeper  stertor  and  larger 
pupil.  (Obvious  influence  of  more  chloroform  in  causing 
a  larger  pupil.) 

2.36  „  Slight  cough  and  crowing  breathing.  Anaesthetic  increased. 
2.38   ,,      Pulse  very  good. 

2.41  ,,      Pupils        (4  nun.).    Doubtful  lid-reflex.  Administra- 

tion  continued.    Pupils        (4^  nun.). 

2.42  ,,      Quieter  respiration.    Slight  expiratory  moan  suggestive  of 

impending  cough,  and  pupils  became^  (  =  3h  mm.). 
Stitches  now  put  in,  and  pupils  at  once  dilated  to 

2.51    „      Administration  discontinued. 

In  the  following  case,  which  I  take  from  Dr.  Sheppard's  notes, 
aortic  and  mitral  disease  was  present. 

Illustrative  Case,  No.  13. — F.,  set.  35.  Aortic  and  mitral  disease. 
Ovariotomy.  Worked  almost  entirely  by  the  pupil,  and  phonation 
occurring  during  expiration.    The  following  was  the  sequence  : — 

i  Contracted  pupil, 
(a)  <  Conjunctival  reflex  present, 
(  Expiratory  phonation : 

! Pupil  gradually  dilated, 
Conjunctival  reflex  abolished, 
Slight  expiratory  phonation  : 
Ti  (  Dilated  and  fixed  pupil,  and 

men  {c)  ^  Cessation  of  phonation. 

About  m.xv.  of  chloroform  took  the  patient  through  all  these  stages; 
and  the  recovery  back  to  contracted  pupil  took,  roughly,  a  minute  or  so. 
Laryngeal  musical  stertor  present  all  through,  and  not  much  affected  by 
position  of  head  or  pulling  jaw  forwards.  Pulse  good  all  through,  and 
patient  came  well  and  quickly  out  of  the  narcosis. 
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The  administration  of  chloroform  to  a  patient  suffering  from 
dyspncea  due  to  an  enlarged  thyroid  is  exemplified  in  the  follow- 
in<*  case.  As  the  dyspncea  did  not  increase  under  the  anaesthetic, 
but  actually  diminished,  it  was  probably  the  outcome  of  laryngeal 
spasm  rather  than  of  pressure  upon  the  trachea. 

Illustrative  Case,  No.  14.— M.,  set.  17.  Tall:  slim:  full  lips: 
rather  nervous.  Occasional  distress  in  breathing.  Prefers  to  be  propped 
up  somewhat.  Dry  sounds  throughout  both  lungs.  Occasional  moist 
cough.  Audible  stridor  on  taking  a  deep  breath.  Large  thyroid  growth. 
Operation  10  A.M.  :  dry,  bright,  cold  morning.  Chloroform  on  lint. 
Administration,  1  hour  13  minutes  ;  operation,  1  hour  5  minutes. 
Two  ozs.  of  chloroform  used.  Head  and  shoulders  slightly  raised. 
Anaesthetic  cautiously  given.  Barely  audible  breathing  became  audible 
(both  inspiration  and' expiration).  Thought  it  best,  as  breathing  seemed 
to  be  getting  rather  laboured,  not  to  push  anaesthetic.  Long  incision. 
Very  slight  reflex  movement,  and  deeper  breathing.  Occasional  swallow- 
ing. Bather  free  haemorrhage.  Breathing  grew  quieter,  although  no 
part  of  growth  yet  removed.  Thyroid  now  removed.  Pulse  got  slightly 
feeble  during  extraction  of  left  lobe,  which  was  deeply  seated  ;  it  then 

improved.    Conjunctival  reflex  often  present,  with  large        (=5  mm.) 

pupil ;  more  chloroform  abolished  reflex  and  made  pupil  smaller  £  or 
Q  (3  or  i\  mm.).  Pupils  hence  good  guide.  Face  rather  pale.  No 
movement  throughout.  During  removal  of  left  lobe,  transient  inspira- 
tory stridor  of  high  pitch,  but  no  cyanosis.  No  flattening  of  trachea 
discovered. 

The  following  case  seems  to  indicate  that  the  presence  or 
absence  of  the  lid-reflex  may  be  dependent  upon  the  nature  of 
the  operation  in  progress : — 

Illustrative  Case,  No.  15. — P.,  set.  about  50.  Febrile.  Of  spare 
build.  Heart-sounds  and  chest  expansion  good.  Exploration  and 
evacuation  of  a  tubercular  kidney.  Skinner's  mask.  Administration 
lasted  1  hour  20  minutes.  An  abdominal  incision  was  first  made,  and 
subsequently  a  lumbar  opening.  After  about  one  hour  the  patient's 
condition  was  as  follows,  the  operator  working  at  the  lumbar  opening  : — 
Pupils  contracted  :  lid-reflex  either  completely  absent  or  only  present 
in  the  slightest  degree  :  pulse  good,  regular,  about  72  :  respiration  quiet. 
The  operator  now  passed  in  sponges  through  the  abdominal  wound, 
with  the  immediate  result  that  the  breathing  became  deep,  the  colour 
more  florid,  and  so  much  lid-reflex  appeared  that  the  lids  tightly  con- 
tracted when  the  conjunctiva  was  touched.  We  might  say  that  this 
patient  was,  at  the  moment  referred  to,  sufficiently  anaesthetised  for  the 
lumbar  operation,  but  not  for  the  abdominal.  The  interest  of  the  case, 
however,  lies  in  the  re-appearance  of  the  lid-reflex  as  the  direct  result  of 
a  particular  stimulus,  namely,  interference  with  the  peritoneum. 
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CHAPTER  V. 

MECHANICAL  MIXTURES  CONTAINING  CHLOROFOEM. 
'  BICHLORIDE  OF  METHYLENE.' 

MlXTUEES  consisting  of  chloroform  with  alcohol,  chloroform  with 
ether,  and  chloroform  with  alcohol  and  ether,  have  been  very 
extensively  employed  for  anaesthetic  purposes,  not  only  in  this 
country  but  upon  the  Continent.  The  object  in  adding  alcohol 
and  ether  to  chloroform  has  been,  not  only  to  prevent  too  con- 
centrated a  chloroform  vapour  from  being  respired,  but  to  coun- 
teract any  tendency  to  circulatory  depression  which  might  be 
occasioned  by  the  use  of  chloroform.  By  mixing  a  small  quantity 
of  alcohol  with  chloroform  it  is  certainly  possible  to  administer 
a  chloroform  vapour  considerably  weaker  than  that  which  would 
result  were  the  undiluted  agent  administered  in  precisely  the 
same  manner :  whilst  mixtures  of  ether  and  chloroform  have 
been  shown,  by  comparative  experiments,  to  produce  a  better 
cardiac  action  than  chloroform  alone.1  There  is,  however,  a  for- 
midable objection  to  these  mechanical  mixtures,  and  one  which 
Snow  particularly  laid  stress  upon.  It  is  that  as  the  constituents 
have  their  own  special  rates  of  evaporation,  the  more  volatile 
ingredients  are  first  vapourised,  the  less  volatile  remaining  to  be 
subsequently  respired.  Ether  is,  for  example,  much  more  vola- 
tile than  chloroform ;  so  that  if  a  mixture  containing,  let  us  say. 
equal  parts  by  measure  of  these  ansesthetics  be  administered,  the 
vapour  would  at  first  be  very  rich  in  ether,  and  comparatively 
poor  in  chloroform ;  whereas,  subsequently,  the  reverse  -would 
obtain.  Ellis 2  overcame  this  objection  by  devising  an  apparatus 
which  contained  the  ansesthetics  separately,  and  their  vapours 
were  mixed  in  the  desired  proportions  during  the  administration. 
The  plan  was  very  ingenious,  but  too  complicated  for  general 
use.  There  is  another  way,  however,  in  which  the  objection 
above  referred  to  may,  to  a  great  extent,  be  overcome,  at  all 
events  in  the  case  of  certain  mixtures,  viz.,  by  employing  such 

1  Trans.  Roy.  Med.  Chir.  Soc,  vol.  xxix.  1864,  p.  342. 

2  Medical  Times  and  Gazette,  vol.  i.  1867,  p.  246. 
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proportions  of  the  liquid  constituents  as  will  evaporate  in  the 
same  period  of  time  at  the  same  temperature.  When  it  is  impos- 
sible to  adjust  the  proportions  in  this  manner,  the  anaesthetist 
must  administer  small  quantities  of  the  mixture  at  a  time,  and 
frequently  replenish  the  mask  or  inhaler,  thus  endeavouring,  as 
far  as  possible,  to  get  rid  of  one  dose  before  another  is  added. 
Although  Snow  was  not  favourably  disposed  towards  anaesthetic 
mixtures,  Clover  appears  to  have  used  certain  of  them  with  suc- 
cess. The  latter 1  took  advantage  of  the  stimulant  effect  of  ether 
by  mixing  4-8  minims  with  30  minims  of  chloroform  in  1000 
cubic  inches  of  air  in  his  chloroform  apparatus,  and  found  that 
he  obtained  a  better  pulse  than  with  chloroform  alone.  When 
fatty  degeneration  of  the  heart  was  supposed  to  exist  he  advised 
and  employed  a  mixture  of  chloroform  and  ether,  containing  one- 
sixth  of  the  latter  agent.  He  also  used  the  A.  C.  E.  mixture, 
and  believed  it  to  be  specially  appropriate  when  moderate  nar- 
cosis was  inquired  for  a  long  time.  Various  administrators  since 
the  time  of  Snow  and  Clover  have  also  eulogised  anaesthetic 
mixtures,  especially  for  certain  cases.  But  although  these  mix- 
tures possess  their  advantages,  they  require  special  care  in  their 
use.  They  must  not  be  looked  upon  as  definite  bodies  capable  of 
producing  definite  and  characteristic  phenomena,  but  rather  as 
mixtures  capable  of  producing  mixed  symptoms,  dependent  upon 
the  physiological  actions  of  the  constituent  anaesthetics,  and  upon 
the  proportions  in  which  those  anaesthetics  are  present  in  the 
mixture  used. 

A.  MIXTURES  OF  CHLOROFORM  WITH  ETHYLIC 

ALCOHOL. 

Sansom  2  recommended  and  used  equal  parts  of  chloroform 
and  alcohol,  and  believed  that  the  good  effects  he  obtained  were 
due  to  the  alcohol  restraining  the  volatility  of  the  chloroform, 
and  thus  preventing  too  concentrated  a  vapour.  Others  have 
employed  this  mixture  with  success.3  When  alcohol  is  used  with 
chloroform  it  is,  however,  generally  added  in  smaller  proportions, 
i.e.,  the  chloroform  is  diluted  with  one-fourth  or  one-fifth  of 
alcohol.  I  have  in  a  number  of  cases  used  chloroform  thus 
diluted,  and  with  good  results.  The  dilution  is  especially  valuable 
when,  as  in  the  case  of  infants,  young  children,  and  feeble  sub- 
jects generally,  a  very  mild  chloroform  vapour  is  needed.  If 

1  British  Medical  Journal,  February  14,  1874. 

-  Medical  Times  and  Gazette,  vol.  ii.  1870,  p.  107. 

3  See  Stephens,  British  Medical  Journal,  January  1S88,  p.  19. 
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one-fifth  of  alcohol  be  added  to  chloroform,  and  the  mixture  be 
administered  by  means  of  a  Junker's  inhaler,  it  will  be  found 
difficult  to  anaesthetise  vigorous  or  alcoholic  subjects,  although 
more  susceptible  patients  will  be  readily  affected. 

Mixtures  of  alcohol  and  chloroform  should  be  administered  in 
precisely  the  same  manner  as  the  undiluted  anaesthetic. 

B.  MIXTURES  OF  CHLOROFORM  WITH  ETHER. 

A  mixture  consisting  of  one  part  of  chloroform  and  two  parts 
of  ether  was  examined  and  used  by  the  Committee  of  the  Royal 
Medical  and  Chirurgical  Society,  who  found  it  to  be  very  similar 
in  its  action  to  the  A.  C.  E.  mixture  referred  to  below.  Ellis,1 
in  his  inquiries  into  anaesthetic  mixtures,  considered  it  very  unre- 
liable, as  it  parted  with  its  ether  rapidly,  and  with  its  chloroform 
very  slowly.    A  death  under  its  influence  has  been  reported.2 

A  mixture  containing  one  part  of  chloroform  and  three  parts 
of  ether,  often  known  as  the  Vienna  mixture,  has  been  exten- 
sively used  abroad,  a  large  number  of  administrations  having 
been  recorded  without  a  casualty.  It  has,  however,  been  found 
by  observers  in  this  country  to  be  uncertain  and  irregular  in  its 
action,3  and  is  now  rarely  used. 

A  mixture  consisting  of  one  part  of  chloroform  and  four  parts 
of  ether  was  examined  by  the  committee  above  mentioned,  and 
was  reported  to  be  very  similar  in  its  action  to  ether  itself. 

Mixtures  of  chloroform  and  ether  should  be  administered  by 
means  of  an  open  inhaler,  such  as  that  represented  in  Fig.  26, 
p.  136,  or  Fig.  40,  p.  190.  Bag  inhalers  should  not  be  employed. 
The  greater  the  proportion  of  chloroform,  the  nearer  should  the 
mode  of  administration  approach  to  that  already  described  on 
p.  192.  Should  the  proportions  of  the  two  anaesthetics  be  such 
that  the  ether  will  be  liable  to  evaporate  before  the  chlox'oform, 
care  should  be  taken  to  add  the  mixture  to  the  inhaler  in  small 
quantities  at  a  time,  and  to  change  the  sponge  fi-om  time  to 
time. 

C.  MIXTURES  OF  ALCOHOL,  CHLOROFORM,  AND  ETHER. 

1.  The  A.  C.  E.  Mixture. — This  valuable  mixture  consists  of 
one  part  of  alcohol,  two  parts  of  chloroform,  and  three  parts  of 
ether.     It  was  originally  suggested  and  used  by  Dr.  George 

1  Medical  Times  and  Gazette,  vol.  i.  1867,  p.  246. 

2  Ibid.,  No.  849,  p.  378. 

J  Lancet,  vol.  ii.  1872,  p.  S2S. 
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Harley.  Some  years  later  the  Committee  of  the  Royal  Medical 
and  Chirurgical  Society  made  a  careful  tibial  of  it,  and  with  very 
favourable  results.  They  recommended  it  as  preferable  to  chloro- 
form ;  and  this  recommendation  is  to  a  great  extent  account- 
able for  the  present  extensive  employment  of  the  mixture. 
According  to  the  committee  the  specific  gravities  of  the  con- 
stituents should  be — - 

Alcohol   .       .  838 

Chloroform  1-497 

Ether  735  . 

Martindale  states1  that  by  employing — 

Alcohol  sp.  gr.       .795    I  part, 

Chloroform  „  1-497    2  parts, 

Ether  „  .720    3  parts, 

he  obtains  a  mixture  which  volatilises  uniformly ;  and  if  this  be 
so,  the  objection  already  alluded  to,  as  common  to  most  antes- 
thetic  mixtures,  will  cease  to  exist  in  this  particular  case.2 

Properties. — When  freshly  prepared  from  the  purest  ingredi- 
ents (all  kinds  of  methylated  ether  should  be  avoided),  and  when 
inhaled  gradually  and  with  plenty  of  air,  the  A.  C.  E.  mixture 
possesses  an  agreeable,  somewhat  fruity  odour,  and  is  certainly 
as  pleasant  as,  or  even  more  pleasant  than,  chloroform  itself. 
The  mixture  is  more  stable  than  is  usually  supposed,  and  it  is 
quite  possible  that  some  chemical  change,  of  which  we  are  at 
present  in  ignorance,  takes  place  when  the  alcohol,  chloroform, 
and  ether  are  mixed.  I  have  noticed  that  perceptible  heat  is 
disengaged  when  the  three  constituents  are  mixed  together  and 
agitated ;  and  the  characteristic  odour  of  ether  is  quickly  lost 
after  the  bottle  has  been  well  shaken.  There  will  be  found  to  be, 
moreover,  after  the  mixture  has  been  made,  a  striking  absence 
of  that  tendency  which  unmixed  ether  displays  to  become  vapour- 
ised ;  in  other  words,  by  shaking  the  bottle  or  warming  it  by 
means  of  the  hand,  little  or  no  increase  of  internal  pressure,  such 
as  that  which  is  immediately  evident  on  removing  the  stopper  of 
an  ether  bottle  similarly  treated,  will  be  detected.  The  ether 
present  in  the  mixture  certainly  does  not  show  that  inclination 
to  rapid  escape  which  it  has  been  supposed  to  possess.  The 
A.  C.  E.  mixture  should  nevertheless  be  freshly  prepared,  and 
kept  in  small,  tightly  stoppered  bottles. 

1  '  Extra  Pharmacopoeia.' 

-  I  have  for  several  years  used  the  A.  C.  E.  mixture  prepared  by  Messrs. 
Robbins  &  Co.  I  am  informed  by  them  that  they  use  :  Alcohol,  sp.  gr.  .830  ; 
chloroform,  sp.  gr.  1. 497  ;  and  ether,  sp.  gr.  .720. 
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Administration. — In  administering  the  A.  G.  E.  mixture  two 
cardinal  points  should  be  borne  in  mind — (i.)  To  give  a  plentiful 
.supply  of  air  with  the  vapour;  and  (2.)  to  employ  small  quanti- 
ties (say  J  a  drachm)  at  short  intervals,  in  preference  to  placing  a 
larger  quantity  (say  2  or  3  drachms)  upon  the  inhaler  at  one  time. 
I  have  found  a  drop  bottle  of  the  shape  shown  in  Fig.  44,  p.  192, 
but  of  larger  size,  to  answer  well.  The  inhaler  used  should  be 
simple  in  construction.  A  Skinner's  mask,  or  the  corner  of  a 
towel  drawn  through  a  safety-pin  may  with  advantage  be  em- 
ployed to  commence  the  inhalation,  as  closer  forms  of  inhalers 
may  cause  discomfort  to  the  patient.  Children  and  weakly 
persons  may  be  kept  satisfactorily  anaBsthetised  without  any 
further  apparatus ;  but  in  other  subjects  a  Rendle's  inhaler,  a 
felt  cone  open  at  the  apex,  or  a  cone-shaped  cloth  similarly 
arranged  for  a  free  air  supply  may  be  needed.  The  air-holes  in 
Hendle's  inhaler  (p.  1 36)  are  hardly  large  enough,  so  that  it  is 
best  to  have  a  portion  of  the  leather  (£  to  1  in.  in  diameter)  cut 
away,  to  provide  for  a  very  free  supply  of  air.  If  a  Skinner's 
mask  be  used  throughout,  a  considerable  time  may  be  taken  in 
anaesthetising  an  average  adult  patient.  If,  however,  the  mask 
is  kept  more  or  less  completely  saturated,  anaesthesia  will  result 
in  from  eight  to  ten  minutes.  Clover's  and  Ormsby's  inhalers 
should  not  be  used;  nor  is  Junker's  apparatus  suitable,  owing  to 
the  inconvenience  of  frequently  replenishing  it  with  small  quan- 
tities of  the  mixtures. 

Effects. — When  the  A.  C.  E.  mixture  is  administered  with  the 
precautions  already  described,  it  produces  effects  which  are,  in 
their  main  features,  similar  to  those  met  with  when  employing 
chloroform.1  There  are,  however,  as  we  should  expect,  certain 
obvious  differences  in  the  two  cases.  As  the  administration 
proceeds,  respiration  gradually  becomes  deeper  and  more  audible, 
as  with  chloroform  itself ;  but  unless  care  be  taken  to  avoid  too 
strong  a  vapour,  swallowing,  holding  the  breath,  and  coughing 
will  be  more  easily  excited  than  with  undiluted  chloroform. 
There  is  somewhat  more  mucus  and  saliva  produced  than  with 
the  last-named  anaesthetic ;  but  not  nearly  so  much  as  with 
ether.  Any  attempt  at  retching  or  vomiting  must  be  met  by 
carefully  continuing  the  administration.  Though  it  is  difficult 
to  speak  positively  on  this  point,  I  am  inclined  to  believe  that 
the  stage  of  excitement  is  somewhat  less  pronounced  under  the 
mixture  than  under  chloroform.  The  administrator  should  not 
attempt  to  get  his  patient  ready  for  operation  in  too  short  a 
space  of  time :  from  five  to  eight  minutes  should  usually  be 

1  The  Hyderabad  Commission  state  {Lancet,  vol.  i.  1890,  p.  158)  that  this 
mixture  gives  the  same  tracings  as  chloroform  alone. 
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taken.  Weakly  persons  and  young  children  will  yield  more 
quickly  to  the  anaesthetic  than  vigorous  or  alcoholic  patients. 
Old  persons,  very  fat  subjects,  middle-aged  emphysematous  and 
bronchitic  subjects  will  often  be  found  to  take  the  A.  0.  E. 
mixture  remarkably  well,  and  to  pass  into  quiet  anaesthesia  with 
little  or  no  trouble.  Stertorous,  regular  breathing,  absence  of 
lid-reflex,  muscular  flaccid ity,  a  fixed  state  of  the  globes,  and  a 
moderately  contracted  pupil  are  the  signs  which  should  be  looked 
for  and  maintained  when  quiet  and  profound  anaesthesia  is 
desired.  As  with  chloroform  and  ether,  the  respiration  should 
be  kept  softly  snoring  if  possible.  The  breathing  is,  in  fact,  one 
of  the  best  guides;  any  tendency  to  quiet  respiration  being 
probably  due  to  too  light  a  narcosis.  When  any  doubt  exists, 
however,  as  to  the  degree  of  anaesthesia  present,  other  signs  must 
be  consulted.  The  lid-reflex  and  pupil  are  both  good  guides. 
The  latter  during  deep  anaesthesia  is  generally  either  the  size  of 
that  already  described  as  almost  characteristic  of  chloroform 
anaesthesia,  or  is  a  trifle  larger;  but,  as  with  all  anaesthetics, 
variations  not  infrequently  occur.  I  have  notes  of  several  cases, 
for  example,  in  which  it  was  necessary  to  maintain  a  pupil  of  £ 

or  £  (  =  32  or  4  min-)>  an3'  attempt  to  work  with  a  pupil  of 
0  or  Q  (  =  2^  or  3  mm.)  being  at  once  followed  by  signs  of 
imperfect  anaesthesia,  such  as  rigidity,  tendency  to  cough,  &c. 
Should  a  dilated  pupil  be  associated  with  distinct  lid-reflex,  more 
of  the  mixture  may  be  given  if  desired ;  but  should  such  a  pupil 
exist  with  an  insensitive  cornea,  the  anaesthetic  should  be  with- 
held until  the  pupil  has  become  smaller,  or  the  lid-reflex  re- 
established. More  should  then  be  given  in  small  quantities. 
Respiration  during  the  use  of  the  A.  C.  E.  mixture  is  usually 
deeper  than  in  the  case  of  chloroform ;  but  not  so  deep  or  so 
liable  to  temporary  embarrassment  as  with  ether.  The  colour  of 
the  features,  too,  is  liable  to  be  somewhat  more  dusky  than  with 
chloroform  itself,  probably  because  of  the  greater  secretion  of 
mucus  and  saliva.  High-pitched  crowing  breathing  must  be  care- 
fully treated.  As  a  general  rule  the  anaesthetic  should  be  with- 
drawn for  a  while  and  the  lips  briskly  rubbed  (p.  230),  but  if 
the  condition  be  obviously  associated  with  imperfect  anaesthesia, 
as  ascertained  by  other  signs,  the  administration  may  be  cautiously 
continued,  being  at  once  stopped  if  the  crowing  does  not  subside. 
The  circulatory  phenomena  of  a  patient  under  the  A.  C.  E. 
mixture  are  very  similar  in  many  respects  to  those  observable 
in  the  case  of  chloroform.  The  pulse  is,  however,  generally 
fuller  and  quicker  than  the  chloroform  pulse,  and  certainly  less 
liable  to  become  affected  by  those  depressing  influences  which 
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may  come  into  play  in  chloroform  narcosis  proper.  In  infants 
and  very  young  children,  the  proper  degree  of  anaesthesia  may 
be  arrived  at  by  observing  the  breathing,  condition  of  the  general 
muscular  system,  and  the  pupil.  Very  quiet  breathing,  a  tendency 
to  rigidity  of  the  arms  or  legs,  and  a  very  small  pupil  point  to 
a  light  anaesthesia.  A  few  drops  of  the  mixture  will  generally 
suffice  to  produce  deeper  breathing,  relaxation  of  the  muscles, 
and  a  moderately  contracted  or  medium  pupil. 

The  A.  C.  E.  mixture  is  by  many  regarded  as  the  best  anaes- 
thetic for  routine  use.  For  example,  Mr.  Moss,  of  King's  College 
Hospital,  writing  to  me  in  1889,  informed  me  that  he  had  then 
employed  it  in  over  10,000  cases,  and  with  excellent  results.1 
The  cases  in  which,  according  to  my  own  experience,  the  A.  C.  E. 
mixture  is  specially  serviceable  are  considered  on  p.  72;  whilst 
the  special  advantages  which  the  mixture  seems  to  possess  as  a 
preliminary  anaesthetic  before  ether  will  be  discussed  in  Chap. 
VI.  of  this  Part. 

The  following  illustrative  cases  are  of  interest  as  showing  the 
value  of  the  mixture  in  certain  patients : — 

Illustrative  Case,  No  16. — (This  case  occurred  in  the  practice  of  my 
f  riend  Mr.  Marmaduke  Sheild,  to  whom  I  am  indebted  for  the  following 
notes.)  "Patient  an  engine-litter,  aged  42.  A  brawny,  heavily-built 
man.  Neck  practically  obliterated  by  an  enormous  swelling,  reaching 
from  the  malar  bones  to  the  sternum,  livid  in  colour,  and  hard  and 
board-like  to  palpation.  Much  dyspnoea.  Face  livid  and  bedewed  with 
sweat.  Pulse  weak  and  quick.  Unable  to  speak  or  open  mouth.  Nit- 
rous oxide  had  been  given  and  an  exploratory  incision  commenced  ;  but 
the  man  had  so  nearly  died  that  the  operation  was  abandoned.  It  was 
obvious  he  was  suffering  from  pressure  upon  the  larynx  and  trachea.  I 
ordered  him  to  be  given  the  A.  C.  E.  mixture  in  a  large  cone  with  a 
plentiful  supply  of  air.  I  further  requested  that  the  administration 
should  be  very  gradual.  It  was  quite  ten  minutes  before  slight  rigidity 
and  struggling  took  place.  The  patient  seemed  unconscious  to  pain,  but 
was  not  completely  flaccid.  I  made  a  free  incision  on  the  right  side  of 
the  neck.  The  tissues  did  not  bleed.  The  deep  fascia  was  carefully 
incised,  and  I  then  passed  my  finger  behind  the  carotid  sheath  into  a 
large  abscess  cavity,  from  which  a  quantity  of  pus  gushed  out.  The 
inspiration  instantly  became  more  free,  but  as  there  was  still  some 
difficulty  I  made  a  free  incision  in  the  middle  line  of  the  neck.  In- 
stantly the  patient  began  to  respire  deeply  and  easily.  The  anaesthetic 
had  been  discontinued  at  the  commencement  of  the  operation,  and  con- 
sciousness was  returning.  The  man  was  able  to  speak,  though  with  a 
hoarse  intonation,  and  he  expressed  Ins  gratitude  at  his  relief.  The 
subsequent  progress  of  the  case  was  perfectly  satisfactory." 

Had  this  patient  been  placed  very  deeply  under  the  anaesthetic, 

1  See  an  interesting  letter  on  the  value  of  this  mixture  in  Brit.  Med.  Journ., 
vol.  ii.  1880,  p.  797. 
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or  had  the  close  method  of  inhalation  been  adopted,  respiration 
would  in  all  probability  have  come  to  a  standstill.1 

The  A.  C.  E.  mixture  is  often  of  great  use  in  patients  in  whom 
grave  respiratory  difficulties  from  other  causes  than  tracheal 
narrowing  are  present.  The  following  case,  in  which  the  breath- 
ing was  embarrassed  by  the  most  extreme  abdominal  distension 
which  I  have  ever  witnessed,  may  be  quoted  : — 

Illustrative  Case,  No.  17.— F.,  set.  37.  Thin,  anxious  face  :  slightly 
dusky  complexion  :  very  breathless  and  orthopnceic  :  hands  cold  :  pulse 
quick  and  feeble :  chest  walls  thin  :  abdomen  enormously  distended 
with  ascitic  fluid  and  large  ovarian  tumour  :  heart  much  pushed  up- 
wards. As  the  patient  was  sitting  upright  upon  an  operating-table  I 
had  to  administer  the  anaesthetic  standing  upon  a  chair.  Judged  it  best 
to  work  with  two  different  stages  of  anaesthesia  : — (1)  Light  anaesthesia 
during  removal  of  ascitic  fluid  ;  and  (2)  deep  anaesthesia  during  removal 
of  tumour.  Stage  (1)  conducted  with  A.  C.  E.  mixture  :  ether  tried, 
but  not  well  borne.  Several  gallons  of  fluid  evacuated  gradually  : 
patient  analgesic  rather  than  anaesthetic.  One  by  one  pillows  removed 
as  fluid  evacuated.  Breathing  gradually  improved.  During  stage  (2) 
patient  recumbent,  and  chloroform  given  on  Skinner's  mask.  Pulse  got 
rather  weak,  hut  improved  with  hot  water  flushing.  Subsequently 
weaker  again.    Patient  removed  to  bed. 

In  cases  of  peritonitis,  intestinal  obstruction,  &c.,  with  a  fixed 
and  inactive  abdomen,  and  some  respiratory  difficulty,  the  A.  0.  E. 
mixture  is  perhaps  the  best  anaesthetic.  The  following  is  an 
example  : — 

Illustrative  Case,  No.  18. — F.,  aet.  about  19.  Ill  lor  one  week  with 
peritonitis.  Abdomen  distended.  Slightly  under  morphine.  Rather 
lethargic.  Pulse  fair  and  full,  but  compressible  and  quick.  Colour 
good.  Occasionally  vomits  blackish  fluid.  Abdominal  section.  Opera- 
tion lasted  half-an-hour.  A.  C.  E.  given  on  Skinner's  mask.  Took  it 
well.  After  some  minutes  I  changed  to  ether  (Clover's  inhaler),  but 
this  was  not  well  borne,  so  went  back  to  A.  C.  E.  Kept  her  lightly 
under.  Nearlv  all  the  time  she  was  as  follows  : — Pupils  4^  (  =  2  mm.) : 
some  conjunctival  reflex,  which  was  allowed  to  disappear  for  a  few 
seconds  at  a  time  :  respiration  fairly  regular,  not  stertorous,  but  deeper 
and  quicker  than  before  administration :  colour  good  :  pulse  quicker 
and  quicker,  getting  from  about  90  to  120  :  right  hand  and  arm  moved 
occasionally.  She  vomited  once  on  operating-table.  Whilst  intestine 
and  ovary  were  being  manipulated  respiration  grew  quicker,  and  a  kind 
of  'catch'  in  breathing  was  noted.  No  crowing  respiration.  After 
removal  of  anaesthetic  colour  not  so  good,  though  fair  :  hands  warm  : 
pulse  quick  :  conjunctiva  soon  sensitive.  Patient  remained  lethargic 
for  some  time. 


1  An  almost  precisely  similar  case  to  the  above  is  reported  in  the  Brit. 
Med.  Journ.,  Oct.  29,  1892.  Ether  was  used  and  the  patient  succumbed 
under  its  influence. 
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As  already  indicated  (p.  72),  the  A.  C.  E.  mixture  is  a  valuable 
anaesthetic  in  most  cases  of  advanced  cardiac  disease.  It  seems 
particularly  useful  when  mitral  stenosis  is  present.  The  three 
following  cases  occurred  at  the  London  Hospital,  and  I  am  indebted 
to  Mr.  W.  Penberthy  for  the  notes. 

Illustrative  Case,  No.  19.—  F.,  tet.  36.  Mitral  stenosis.  Retro- 
uterine abscess.  Operation  lasted  20  minutes.  A.  C.  E.  on  Skinner's 
mask.  "Went  under  readily,  and  easily  kept  under.  Mask  frequently 
removed  for  a  breath  or  two.  The 'patient  had  formerly  taken  ether  %oith  a 
nearly  fatal  result.1 

Illustrative  Case,  No.  20.— F.,  set.  24.  Mitral  stenosis.  Perinseo- 
raphy.  Operation  half-an-hour.  A.  C.  E.  given  as  in  previous  case 
with  equally  favourable  result. 

Illustrative  Case,  No.  21. — F.,  set.  25.  Mitral  and  aortic  regurgita- 
tion. Operation  on  cervix  uteri  :  40  minutes.  13  dr.  of  A.  C.  E.  mix- 
ture used  on  Skinner's  mask.    Result  very  good. 

The  A.  C.  E.  mixture  is  also  about  the  best  anaesthetic  I  know 
for  patients  with  advanced  emphysema  and  bronchitis  attended 
by  fatty  degeneration  and  dilatation  of  the  heart.  I  quote  the 
following  case,  as  it  was  a  particularly  anxious  one,  so  far  as  the 
anaesthetic  was  concerned.  The  question,  in  fact,  had  arisen  as 
to  whether  it  was  advisable  to  give  any  anaesthetic  at  all.  I 
selected  the  A.  C.  E.  mixture,  and  fortunately  it  answered  well. 

Illustrative  Case,  No.  22. — M.,  a;t.  about  70  :  average  build  ;  looks 
80.  Half  propped  up  in  bed.  Breathing  rather  hurried  :  expiration 
distinct  and  audible.  Respiratory  movements  almost  wholly  diaphrag- 
matic. Chest  front  hyper-resonant :  wheezy  sounds  over  it.  Heart 
sounds  '  flapping ' :  an  occasional  murmur  in  apical  region  :  much  epigas- 
tric pulsation.  Pulse  very  irregular  and  intermittent.  Face  congested  : 
bluish  red  colour.  He  is  subject  to  seizures  of  difficult  breathing  and 
cyanosis.  Has  a  large  prostate,  and  catheter  has  to  be  used  every 
two  hours.  Operation  supra-pubic  cystotomy.  Administration  lasted 
35  minutes.  A.  C.  E.  mixture.  Gradually  given  on  Skinner's  mask. 
Respiration  deeper  and  expiration  more  wheezy.  No  distress.  Pulse 
improved,  and  became  more  regular  and  fuller ;  but  never  got  quite 
regular.  Face  remained  flushed.  Some  perspiration.  Muttering. 
Conjunctiva  still  sensitive.  Eyes  commenced  turning  upwards.  Then 
slight  rigidity.  No  struggling.  Catheter  passed.  Little  if  any  reflex 
effect.  Abdominal  muscles  tense,  and  respiration  jerky.  Distension 
of  rectum  by  bag  caused  slight  but  not  inconvenient  movement.  Skin 
incision  also  caused  slight  reflex  movement,  but  absolutely  no  effect 
on  wrist  pulse.  During  most  of  administration  his  condition  was  as 
follows  : — Conjunctiva  just  sensitive,  once  or  twice  insensitive  :  respira- 


1  An  interesting  case  in  which  ether  almost  proved  fatal  in  mitral  stenosis 
is  reported  by  Mr.  Arthur  Jefferson  :  Lancet,  Sept.  20,  1 884,  p.  492.  Chloro- 
form was  subsequently  given  with  good  result. 
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tion  wheezy,  with  noiseless  inspiration  and  difficult  expiration  :  pulse 
as  before:  pupils  about  ^  (  =  4^  mm.).  The  hands  gradually  got 
chilly,  and  perspiration  increased.    No  nausea  or  vomiting  after. 

After-Effects.— The  after-effects  of  the  A.  C.  E.  mixture  are, 
in  most  cases,  slight.  It  is,  in  my  experience,  quite  the  excep- 
tion for  a  short  inhalation  (10-15  minutes)  to  be  followed  by 
anything  but  the  most  trifling  discomfort.  Old  persons  are 
rarely  affected  by  after-sickness,  even  though  the  administration 
has  lasted  for  a  long  time. 

Dangers. — Several  fatalities  have  occurred  under  the  A.  C.  E. 
mixture.  This  is  not  to  be  wondered  at  when  we  reflect  that  the 
mixture  is  very  extensively  employed  for  anaesthetising  patients 
whose  general  condition  is  extremely  unfavourable.  The  mixture 
is  often  chosen  for  those  who  are  considered  unfit  for  chloroform 
on  the  one  hand,  and  for  ether  on  the  other.  Then,  again,  the 
erroneous  practice  exists  of  regarding  this  mixture  as  a  stable 
and  definite  body,  and  of  administering  it  in  large  doses  seldom 
repeated,  instead  of  in  small  doses  often  repeated.  Furthermore, 
in  some  of  the  fatal  cases  1  a  bag-inhaler  has  been  employed. 

2.  Other  Mixtures. — Mixtures  of  alcohol,  chloroform,  and 
ether,  containing  these  agents  in  somewhat  different  proportions 
to  those  of  the  A.  C.  E.  mixture,  have  also  been  largely  employed. 
Billroth's  mixture,  consisting  of  one  part  of  alcohol,  three  of 
chloroform,  and  one  of  ether,  is  in  great  favour  with  many  Con- 
tinental surgeons.  It  is  administered  very  much  as  chloroform 
is  employed,  and  is  said  to  be  rarely  followed  by  vomiting. 

D.  THE  SO-CALLED  '  BICHLORIDE  OF  METHYLENE ' 
OR  '  METHYLENE.' 

Composition. — The  so-called  '  bichloride  of  methylene '  or 
'  methylene '  was  brought  before  the  notice  of  the  profession  in 
1867  by  Sir  B.  W.  Kichardson,2  who  gave  it  the  formula  CH2C12, 
and  strongly  recommended  it  for  producing  surgical  anaes- 
thesia. The  'methylene'  supplied  by  Messrs.  Eobbins  &  Co. 
distils  over  at  about  i27°-i28°  F.,3  and  the  temperature  is  stated 
not  to  vary  more  than  30  from  first  to  last  during  distillation. 
As  supplied  by  the  manufacturers,  '  methylene '  is  a  colourless 
fluid,  with  an  agreeable  odour  very  similar  to  that  of  chloroform. 
Much  discussion  has  taken  place  as  to  the  precise  chemical  nature 

1  See  Brit,  Med.  Journ.,  Oct.  24,  189 1,  p.  906. 

2  See  Asclepiad,  1S88,  p.  201,  '  Methylene  as  an  Anaesthetic' 
:i  See  Brit.  Med.  Journ.,  vol.  ii.  1883,  p.  271. 
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of  '  methylene.'    Whilst  on  the  one  hand  Sir  B.  Richardson  main- 
tains that  the  drug  sold  under  that  name  by  the  manufacturers 
is,  with  the  exception  that  it  contains  traces  of  alcohol  and  water, 
chemically  pure  CH2C12,  very  strong  evidence  has  been  adduced 
to  show  that  '  bichloride  of  methylene '  is  nothing  more  than  a 
mechanical  mixture  of  chloroform  and  methylic  alcohol.  The 
'  methylene '  employed  in  a  fatal  case  at  Prague  was  carefully 
analysed  by  Professor  Hofmeister,1  who  found  it  to  be  a  mixture 
of  chloroform  diluted  with  one-fifth  of  methylic  alcohol.  This 
'  methylene,'  which  had  come  from  the  recognised  London  manu- 
facturers, had  a  sp.  gr.  of  1.3495  at  i7°.i  C.  (68°. 78  F.),  com- 
menced distilling  at  470  C.  (n6°.6o  F.),  and  continued  between 
49°  C.  and  53°  0.  (i2o°.2  F.  and  i27°.4  F).    One-fifth  of  the 
'  methylene '  mixed  readily  with  water,  and  gave  the  tests  for 
alcohol.  After  separating  the  alcohol,  the  residue  boiled  at  5  9°.  5- 
6o°.5  C,  and  the  distillate  had  a  density  of  1.4885  at  I7°.i  C., 
and  gave  the  usual  tests  for  chloroform.    As  is  well  known,  the 
boiling-point  of  a  mixture  of  chloroform  and  alcohol  is  lower 
than  that  of  either  of  its  constituents,  which  accounts  for  the 
low  boiling-point  of  the  commercial  '  methylene.'  Moreover, 
MM.  Regnauld  and  Villejean 2  prepared  some  chemically  pure 
bichloride  of  methylene,  and  compared  it  with  the  anaesthetic 
Huid  supplied  by  English  makers  under  that  name.    They  found 
that  the  standard  pure  bichloride  of  methylene  had  a  sp.  gr.  of 
1.334,  and  a  boiling-point  of  40°  4  C.  (104°.  7  F).    They  further 
found  that  chemically  pure  CH2G2  produced  epileptiform  move- 
ments, jaw-spasm,  and  other  untoward  symptoms  in  the  lower 
animals,  so  that  its  use  in  human  beings  could  not  but  be  fraught 
with  danger.    And,  finally,  they  agree  with  Professor  Hofmeister 
that  the  English  '  bichloride  of  methylene '  consists  of  chloroform 
and  methylic  alcohol.    Dr.  Junker3  has,  indeed,  administered  a 
mixture  of  chloroform  and  methylic  alcohol  (4  to  1)  in  several 
cases.    The  mixture  had  a  sp.  gr.  of  1.281,  and  produced  effects 
which  appeared  to  him  to  be  precisely  similar  to  those  observed 
with  the  so-called  'bichloride  of  methylene.' 

Effects. — But  whatever  may  be  the  chemical  constitution  of 
Richardson's  'methylene,'  it  certainly  produces  effects  which  de- 
serve careful  consideration  from  a  clinical  point  of  view.  The 
first  operation  under  its  influence  was  performed  by  Sir  Spencer 
Wells,  who,  after  a  very  large  experience,4  still  considers  '  methy- 

1  Brit.  Med.  Journ.,  July  21,  1883. 

3  Comptes  Rendus  dc  laSociiU  de  Biologic,  torn.  i.  1884,  p.  15S.  See  also 
Bull.  Acad.  Med.,  2nd  Se"r.,  torn.  xii.  p.  568. 

3  Brit.  Med.  Journ.,  vol.  i.  1884,  p.  451. 

4  See  Lancet,  vol.  ii.  1890,  p.  898,  and  vol.  ii.  1877,  p.  191. 
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lene'  to  be  superior  to  all  other  agents.  For  several  years  after 
its  introduction  into  practice,  it  was  used  somewhat  extensively 
not  only  in  this  country  but  on  the  Continent.  Its  rapidity  of 
action,1  the  speedy  return  to  consciousness  after  its  use,  and  the 
striking  rarity  of  after-effects,  rendered  it  specially  serviceable  in 
abdominal,  ophthalmic,  and  dental  operations.  Dr.  Day,2  who 
has  administered  '  methylene '  for  Sir  Spencer  Wells  and  other 
surgeons  in  1230  cases,  most  of  which  were  cases  of  abdominal 
section,  speaks  in  very  high  terms  of  the  agent.  He  states  that 
it  is  less  likely  than  chloroform  to  cause  vomiting ;  that  it  is 
more  agreeable  to  inhale ;  that  rarely  more  than  3  to  4  drachms 
are  required  for  an  operation  lasting  half-an-hour ;  that  con- 
sciousness returns  in  a  few  seconds  after  inhalation  is  discon- 
tinued ;  that  he  has  used  it  when  serious  heart  and  lung  aifections 
have  existed,  with  good  results ;  and,  in  fact,  that,  so  far  as  his 
experience  goes,  '  methylene '  is  the  best  anaesthetic.  Others 
speak  in  similarly  favourable  terms.3  There  are,  however,  two 
sides  to  every  question ;  and  many  surgeons  have  tried  '  methy- 
lene' and  have  discarded  it.  It  enjoyed,  for  example,  a  long 
reign  at  the  Samaritan  Hospital,  but  was  eventually  replaced  by 
its  former  rival  chloroform.  Nussbaum  of  Munich,  who,  in  1868, 
had  administered  'methylene'  15,000 4  times  without  an  acci- 
dent, found  its  effects  very  similar  to  those  of  chloroform,  but, 
according  to  Kappeler,5  he  met  with  considerable  excitement, 
rigidity,  and  nausea  in  many  cases.  Hegar  and  Kaltenbach, 
who  have  largely  used  '  methylene  '  with  Junker's  inhaler,  do 
not  consider  it  safer  than  chloroform,  but  find  less  vomiting  after 
its  use  than  after  chloroform.    Kappeler  endorses  these  views. 

Administration.  —  With  regard  to  the  administration  of 
'methylene,'  Junker's  apparatus  (p.  194)  has  been  found  to 
be  the  best  for  the  purpose.    Rendle's  6  mask  (p.  136)  is  used  by 

1  I  cannot  agree  with  those  who  state  that  '  methylene '  is  a  rapidly 
acting  aneesthetic.  It  may  quickly  destroy  consciousness  when  given  in  a 
somewhat  concentrated  vapour.  But  when  administered  by  means  of  Junker's 
apparatus,  ten,  fifteen,  or  even  twenty  minutes  may  be  required  to  induce 
aneesthesia.  Indeed,  not  long  ago,  I  met  with  a  case  in  which  I  had  to  resort 
to  another  agent,  as  I  was  unable  to  secure  tranquil  and  perfect  aneesthesia 
with  'methylene.'  The  drug  I  used  was  freshly  prepared.  The  patient 
was  a  tall,  vascular,  and  powerfully-built  woman  of  60.  After  pumping  with 
Junker's  inhaler  for  about  twenty  minutes  the  patient  was  only  partially 
anaesthetised.  I  then  had  recourse  to  the  A.  C.  E.  mixture,  and  in  three 
minutes  she  was  ready  for  operation. 

2  'Methylene  as  an  Anesthetic'  (Brit.  Med.  Journ.,  July  14,  1S88,  p.  72). 
a  Lancet,  vol.  i.  1882,  p.  371. 

4  Med.  Times  and  Gaz.,  vol.  i.  1868,  p.  ill. 

3  '  Anaesthetica,'  p.  105. 

8  Brit.  Med.  Journ.,  vol.  ii.  1880,  p.  729. 


252 


ANAESTHETICS  A N I  <  THEIli  ADMINISTRATION. 


some,  but  with  this  apparatus  the  danger  of  an  over-dose,  and 
of  asphyxial  troubles,  is  certainly  greater  than  with  Junker's 
inhaler.  As  the  liquid  is  more  volatile  than  chloroform,  an  open 
mask  such  as  Skinner's  is  not  applicable.  The  administration 
should  be  conducted  as  has  been  already  described  when  con- 
sidering chloroform  (p.  198).  Difficulty  may  be  experienced  in 
obtaining  true  surgical  anaesthesia  in  some  cases,  especially  when 
using  Junker's  inhaler.  It  must,  therefore,  be  borne  in  mind 
that  in  operations  upon  very  sensitive  parts,  and  when  dealing 
with  patients  who  are  not  easily  affected  by  anaesthetics,  it  may 
be  necessary  either  to  give  more  of  the  anaesthetic  than  can  be 
administered  by  Junker's  inhaler ;  that  is  to  say,  to  use  some 
other  inhaler,  or  to  change  to  ether,  chloi'oform,  or  the  A.  C.  E. 
mixture.1 

Dangers. — Several  deaths  have  occurred  during  the  use  of 
'  methylene  ' ; 2  the  symptoms  being  almost  identical  with  those 
which  characterise  chloroform  fatalities.  Inversion  has  been 
successfully  tried  in  a  case  of  threatened  death.3 

1  Two  cases  (rectal  operations)  are  reported  by  Mr.  Martin  Coats,  in  which 
he  found  it  necessary  to  replace  '  methylene  '  by  chloroform  (see  foot-note, 
p.  251). 

2  See  Lancet,  Oct.  23,  1869:  Brit.  Med.  Journ.,  May  7,  1870;  April  29, 
1871  ;  Sept.  16,  1871  ;  Aug.  31,  1872  ;  Oct.  12,  1872  ;  Oct.  19,  1873  :  Lancet, 
Dec.  2,  1874,  p.  881  :  and  Brit.  Med.  Journ.,  July  24,  1875. 

3  Lancet,  vol.  ii.  1876,  p.  462. 
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CHAPTER  VI. 

CHLOROFORM  AND  ITS  MIXTURES  FOLLOWED  BY  ETHER. 

A.  CHLOROFORM  FOLLOWED  BY  ETHER. 

From  some  points  of  view  chloroform  is  a  particularly  appro- 
priate anaesthetic  to  administer  before  ether.  It  is  not  unpleasant 
to  inhale ;  its  exhibition  requires  no  complicated  apparatus ;  and 
a  very  small  quantity  is  needed  to  render  the  patient  unconscious. 
Chloroform  has,  indeed,  been  largely  used  to  precede  ether.  But 
we  must  not  lose  sight  of  the  fact  that  most  of  the  fatalities 
which  have  occurred  during  chloroformisation  have  occurred 
either  at  the  very  outset  of  inhalation,  or  during  the  stage  of 
excitement  and  tonic  spasm,  i.e.,  before  true  surgical  anaesthesia 
has  been  produced.  From  this  it  follows  that,  in  using  chloro- 
form for  the  purpose  of  preventing  the  initial  discomforts  of 
ether,  we  are  subjecting  the  patient  to  greater  risk  than  in 
employing  ether  alone.  The  risk  will  be  in  proportion  to  the 
extent  to  which  we  carry  the  inhalation  of  chloroform.  If  we 
carry  it  only  so  far  as  to  blunt  the  sensibility  to  the  pungency 
of  ether  vapour,  the  additional  risk  will  be  extremely  small. 
But  that  an  additional  risk  will  be  incurred  there  can  be  no 
doubt.  Cases  are  on  record  (p.  223)  in  which  a  fatal  result  has 
taken  place  after  but  a  few  breaths  of  chloroform  vapour.  It 
is  possible,  as  has  been  pointed  out,  that  influences  other  than 
that  of  the  anaesthetic  itself  have  been  at  work  in  these  cases. 
Still,  the  fact  remains  that  similar  fatalities  have  not  been  met 
with  at  the  very  outset  of  the  administration  either  of  nitrous 
oxide  or  of  ether;  so  that  we  must  still  continue  to  look  upon 
chloroform  as  an  agent  which,  in  very  rare  instances,  is  capable 
either  indirectly  or  directly  of  destroying  life  almost  immediately 
after  its  inhalation  is  commenced.  If  we  carry  the  administra- 
tion of  chloroform  as  far  as  the  stage  in  which  excitement  and 
tonic  spasm  are  liable  to  arise,  the  risk  will  be  again  a  trifle 
increased.  It  is  an  established  fact  that  during  muscular  excite- 
ment and  respiratory  embarrassment  under  chloroform,  syncope 
may  take  place. 
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With  the  above  considerations  before  us  it  is  questionable 
whether  we  should  regard  the  use  of  chloroform  before  ether 
as  a  practice  deserving  of  widespread  adoption.  There  are, 
nevertheless,  circumstances  under  which  this  particular  succes- 
sion of  anaesthetics  is  advisable.  When  we  meet  with  such  cases 
we  should  commence  the  administration  of  chloroform  as  has 
already  been  described,  upon  an  open  inhaler,  in  small  quantities 
at  a  time;  we  should  give  the  anaesthetic  gradually  but  con- 
tinuously ;  and  we  should  replace  it  by  ether  at  the  first  signs  of 
any  mental  or  muscular  excitement.  In  this  manner  we  shall,  at 
all  events,  avoid  the  second  of  the  two  risks  above  mentioned. 
No  definite  rules  can  be  laid  down  as  to  the  quantity  of 
chloroform  which  should  be  given  in  any  particular  case.  The 
chloroform  must  not  on  the  one  hand  be  removed  too  soon ;  nor 
must  it  on  the  other  be  withdrawn  too  late.  Should  it  be  given 
for  a  few  seconds  only,  and  the  ether  inhaler  then  applied,  the 
patient,  though  perhaps  not  conscious  of  the  change  of  vapour-, 
may  give  trouble  with  swallowing,  arrested  breathing,  coughing, 
&c.  Should  it  be  continued  till  deep  anaesthesia  has  been  pro- 
duced, the  risk  which  attends  the  stage  of  excitement  under 
chloroform,  and  which  might  have  been  obviated  had  this  stage 
been  allowed  to  pass  over  under  ether,  would,  of  course,  come 
into  play. 

For  administering  chloroform  before  ether  the  anaesthetist 
should  be  provided  with  a  Skinner's  mask  and  a  drop  bottle  for 
the  former,  and  with  a  Clover's,  Ormsby's,  or  Rendle's  inhaler 
for  the  latter  anaesthetic.  If  a  Clover's  apparatus  be  used,  its 
indicator  should  be  turned  to  '  i  '  before  being  applied,  and  the 
strength  of  the  vapour  increased,  as  occasion  may  require,  till 
the  ordinary  signs  of  ether  anaesthesia  result. 

B.  THE  A.  C.  E.  MIXTURE  FOLLOWED  BY  ETHER. 

When  chloroform  is  diluted  with  a  considerable  quantity  of 
ether — such  a  quantity,  for  example,  as  is  present  in  the  A.  C.  E. 
mixture — it  is  extremely  probable  that  the  risks  attendant  upon 
the  early  stages  of  its  administration  almost  cease  to  exist. 
Mixtures  considerably  richer  in  chloroform  than  the  A.  C.  E. 
mixture  would  necessarily  be  liable  to  much  the  same  objection 
as  that  which  is  attached  to  chloroform  itself.  The  quantity  of 
ether  in  the  A.  C.  E.  mixture,  although  considerable,  is  not 
sufficient  to  make  the  mixture  unpleasant  to  inhale.  The  vapour 
of  this  mixture  is,  indeed,  by  no  means  disagreeable  when 
administered  slowly  and  with  plenty  of  air. 

This  succession  of  anaesthetics  is  worthy  of  special  notice.  The 
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advantages  which  it  possesses  are  : — Firstly,  that  the  adminis- 
tration of  the  two  agents  is  extremely  simple,  and  requires  no 
complicated  apparatus ;  secondly,  that  no  closely-fitting  mask  is 
used  for  commencing  the  administration  ;  thirdly,  that  the  initial 
sensations  of  the  patient  are  by  no  means  unpleasant ;  fourthly, 
that  there  is  no  alteration  in  the  colour  of  the  features  during 
the  induction  of  anaesthesia ;  fifthly,  that  tonic  muscular  spasm 
and  temporarily  embarrassed  respiration  are  very  rarely  met  with, 
and,  should  they  occur,  quickly  subside ;  and,  lastly,  that  the 
method  seems  particularly  adapted  for  anaesthetising  patients 
who  are  usually  regarded  as  bad  subjects  for  anaesthetics. 

It  is  somewhat  difficult  to  offer  any  adequate  explanation  of 
the  satisfactory  effects  of  the  A.  C.  E.  mixture  followed  by  ether 
in  those  patients  who  are  usually  looked  upon  as  unsatisfactory 
subjects.  Tall  muscular  men,  alcoholic  individuals  of  both  sexes, 
bloated  and  stout  patients  with  every  evidence  of  cardiac  degenera- 
tion, asthmatics,  and  others  who  would  almost  certainly  give  some 
trouble  not  only  with  gas-and-ether,  but  with  ether  administered 
by  itself  from  a  Clover's  apparatus,  will  be  found  to  pass  into  deep 
ether  anaesthesia  with  remarkably  little  trouble  if  this  method  be 
carefully  conducted.  The  A.  C.  E.  mixture  seems  to  supply 
exactly  what  is  required  for  inducing  anaesthesia  in  difficult  cases; 
and  ether,  given  from  an  Ormsby's  inhaler,  seems  to  be  particu- 
larly well  adapted  for  maintaining  anaesthesia. 

We  must  not  forget  that,  as  in  all  other  plans  of  inducing 
anaesthesia,  attention  to  certain  points  is  indispensable  if  the 
administrator  wishes  to  give  his  patient  no  discomfort,  and  to 
prevent  struggling  and  excitement — in  a  word,  to  successfully 
conduct  the  administration.  I  would  therefore  ask  the  reader 
who  is  interested  in  the  subject  to  pay  particular  attention  to  the 
following  simple  directions  for  the  administration. 

For  successfully  anaesthetising  adult  subjects,  it  is  advisable  to  have  at 
haud  a  piece  of  lint  or  a  Skinner's  mask  (Fig.  40,  p.  190),  a  Rendle's 
mask  (Fig.  26,  p.  136),  and  an  Ormsby's  inhaler  (Fig.  35,  p.  149).  Clover's 
inhaler  has  in  my  hands  proved  far  less  satisfactory  than  Orinsby's  for 
administering  ether  after  the  A.  C.  E.  mixture  to  adult  subjects.  The 
mixture  should  be  contained  in  a  drop  bottle  of  the  kind  shown  in 
Fig.  44,  p.  192.  I  have  found  it  of  distinct  advantage,  in  administering 
the  A.  C.  E.  mixture  before  ether,  to  employ  lint  or  a  Skinner's  mask 
for  the  first  minute  or  so,  and  then  to  go  on  with  a  Rendle's  mask.  But 
should  the  administrator  wish  for  greater  simplicity,  he  may  conduct 
the  administration  with  but  one  of  these,  preferably  Skinner's  mask, 
before  proceeding  to  ether.  The  sponges  of  the  Rendle's  and  Ormsby's 
inhalers  should  be  wrung  out  of  warm  water,  and  the  two  inhalers,  with 
their  mouths  uppermost,  placed  by  the  side  of  the  administrator,  ready 
to  receive  the  A.  C.  E.  mixture  and  ether  during  the  administration. 
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For  anaesthetising  children,  a  Skinner's  mask,  a  drop  bottle  for  the 
A.  C.  E.  mixture,  and  a  Clover's  inhaler  will  be  found  convenient. 
The  intermediate  (Rendle's)  inhaler  is  not  necessary. 

Method  of  Administration  (Adults). 

1.  Apply  the  lint  or  Skinner's  mask  loosely  to  the  face,  and  allow 
a  few  drops  of  the  A.  C.  E.  mixture  to  fall  upon  it.  The  object  of 
first  employing  lint  or  a  Skinner's  mask  is  to  prevent  all  choking 
and  uncomfortable  sensations  which  might  result  from  a  closer 
inhaler. 

2.  Gradually  increase  the  quantity  of  the  mixture  upon  the  mask 
till  the  latter  becomes  more  or  less  saturated.  The  patient  soon 
becomes  accustomed  to  the  vapour,  and  will  be  found  to  breathe  it 
without  the  slightest  difficulty.  Should  any  hesitation  in  breath- 
ing occur,  the  mask  must  be  held  a  trifle  further  from  the  face. 

3.  After  about  one  minute  the  Rendle's  mask,  upon  the  sponge  of 
which  about  half  a  drachm  of  the  mixture  has  been  poured,  should 
be  applied.  The  patient  will  probably  not  notice  any  change  in 
the  masks,  and  will  continue  to  breathe  without  discomfort. 

4.  Add,  more  of  the  mixture  {about  half  a  drachm)  from  time  to 
time,  removing  the  mask  for  the  purpose.  Whilst  the  administra- 
tion is'  thus  proceeding,  the  administrator  should  pour  about  one 
ounce  of  ether  on  the  sponge  of  the  Ormsby's  inhaler. 

5.  After  about  2-3  minutes  from  the  commencement  of  the  ad- 
ministration the  Ormsby's  inhaler  should  be  very  gradually  applied. 
I  have  met  with  two  main  guides  as  to  the  proper  moment  at 
which  the  change  to  ether  should  be  effected  ;  (1)  deep  and  audible 
but  non-stertorous  breathing;  and  (2)  commencing  tonic  contrac- 
tion of  the  arms.  As  a  general  rule  the  first  is  an  excellent 
guide. 

6.  Apply  the  Ormsby's  inhaler  during  an  expiration,  and  do  not 
at  first  press  it  tightly  upjon  the  face.  As  a  general  rule  the  first 
inspiration  is  a  trifle  held,  and  one  or  two  acts  of  deglutition 
occur.  In  a  few  seconds,  however,  the  patient  breathes  in  and 
out  of  the  bag.  The  face- piece  should  now  be  tightly  applied. 

7.  Stertor  and  muscidar  relaxation  will  now  quickly  appear. 
Should  the  A.  C.  E.  mixture  have  been  carried  rather  further  than 
necessary,  i.e.,  to  the  border-land  of  excitement  and  tonic  spasm, 
it  will  be  found  that  all  inconvenient  symptoms  will  quickly 
subside  if  the  Ormsby's  inhaler  be  kept  applied. 

The  administration  should  now  be  conducted  as  already  de- 
scribed on  p.  162. 

The  following  case  illustrates  the  effects  produced  by  this 
.succession  of  antesthetics  : — 
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Illustrative  Case,  No.  23.— M.,  about  35.  One  of  the  most  powerful 
men  I  have  ever  seen.  Chest  measurement,  43  inches.  Thick,  large 
neck.  Florid  colour.  A  great  athlete.  Has  lived  well.  Operation, 
radical  cure  of  hydrocele.  Duration,  one  hour.  Administration  begun 
at  9.50  A.M.  with  Skinner's  mask.  No  holding  of  breath.  When  Rendle's 
mask  applied  there  was  occasional  swallowing,  but  good  respiration. 
Administration  thus  continued  till  breathing  deeper.  Changed  to 
Ormsby  charged  with  pure  ether.  More  swallowing,  and  slight  but 
not  inconvenient  movement  of  hand.  Breath  held  very  slightly.  Some 
tonic  spasm  in  neck  and  other  parts,  but  no  inconvenient  movement. 
A  breath  of  air  given.  Soon  deeply  snoring,  but  still  a  trifle  rigid.  At 
10.20  pupils  0  to  £  (  =  25  to  3  mm.),  the  right  size  for  this  particular 

case  ;  they  had  been  0  (  =  3i  mm.).  Very  deep  stertor.  Pulse  114  : 
very  full  and  bounding.  Respiration  28  :  regular,  deep,  and  loudly  ster- 
torous. Stertor  lessened  by  pushing  jaw  forward.  Less  ether  allowed 
some  tendency  to  crowing  breathing,  and  made  pupils  larger.  When 
operation  over,  less  ether  made  pupils  smaller.  Vomited  half-an-ounce 
of  fluid  material  immediately  after  operation.    No  subsequent  nausea. 


Method  of  Administration  (Children). 

In  anaesthetising  little  children  (p.  16)  with  the  A.  C.  E.  mix- 
ture, followed  by  ether,  all  that  is  needed  is  to  give  the  mixture  on 
a  Skinner's  mask  till  respiration  has  become  deep  and  regular, 
and  then  to  replace  the  mask  by  a  Clover's  inhaler,  with  its 
indicator  turned  to  about  '  1.'  Should  the  patient  cry,  the 
A.  C.  E.  mixture  should  be  administei-ed  till  crying  has  nearly 
ceased,  and  the  ether  should  then  be  applied.  The  following  is 
an  example : — 

Illustrative  Case,  No.  24. — Patient  a  little  boy,  set.  2  years  3  months. 
Florid.  Breathes  through  mouth.  Operation  10  a.m.  :  no  food  since 
previous  evening.  Semi-recumbent  position.  A  few  drops  of  A.  C.  E. 
mixture  at  a  time  on  Skinner's  mask.  Some  crying,  but  no  resistance. 
After  i-i^  minutes  Clover's  inhaler  previously  charged  with  ether  and 
turned  to  c  1 '  applied.  Anaesthesia  in  2—3  minutes.  Noisy  regular 
breathing  :  colour  rather  dusky  : 1  pupils  £  (  =  3  mm.) :  no  lid  reflex  : 
quite  relaxed :  pulse  good  and  full.  Total  length  of  administration, 
including  A.  C.  E.  mixture,  =  5  minutes.  Mouth  opened  by  Mason's 
gag,  and  head  arranged  for  good  light  to  enter  mouth.  Tonsils  removed 
by  guillotine.  Mouth  sponged.  No  movement.  Head  and  body  now 
tilted  forwards,  and  post  nasal  space  cleared  of  adenoid  growths.  Blood 


1  This  is  of  no  importance  in  a  florid  child  under  ether,  and  is  very  liable 
to  occur  when  the  breathing  is  previously  wholly  oral.  The  fact  of  the  colour 
being  bluish,  and  not  pallid,  shows  a  good  circulation  ;  moreover,  the  colour  is 
completely  under  control,  for  if  more  air  be  given  the  normal  colour  will  at 
once  return. 
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and  detached  growths  came  away  from  mouth  and  nose  without  slightest 
embarrassment  to  respiration.  No  sponging  necessary.  No  movement. 
Operation,  which  lasted  about  3-4  minutes,  now  over.  Head  kept  for- 
wards for  drainage.  Some  cough  and  movement.  Child  turned  on  his 
side,  in  which  position  he  lay  quietly  breathing,  and  with  good  colour 
for  10  minutes.    Then  began  to  cry  and  move  about. 
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CHAPTER  VII 

BROMIDE  OF  ETHYL,  ETHIDENE  DICHLORIDE,  AMYLENE 
(PENTAL),  AND  OTHER  ANAESTHETICS. 

A.  BROMIDE  OF  ETHYL. 

Administration  and  Effects  Produced. — The  anaesthetic  pro- 
perties of  bromide  of  ethyl  were  first  recognised  by  Nunneley  of 
Leeds  in  1 849,  who  spoke  highly  of  the  drug.  Rabuteau 1  and 
Turnbull 2  were  the  next  to  investigate  its  anaesthetic  properties 
The  latter  has  used  it  in  a  considerable  number  of  cases,  and  has 
on  more  than  one  occasion  brought  its  anaesthetic  merits  before 
the  notice  of  American  surgeons,  several  of  whom,  including 
Dr.  Chisholm,3  Dr.  Levis,  Dr.  Marion  Sims,  and  others,  have 
used  it  with  more  or  less  success.  Sir  B.  W.  Richardson  4  con- 
siders the  bromide  a  good  and  efficient  anaesthetic.  Mr.  Clover, 
however,  gave  the  agent  a  trial,  but  was  not  favourably  impressed 
with  it.5  Dr.  H.  C.  Wood  of  Philadelphia  is  also  opposed  to  its 
introduction  into  general  use.  Drs.  Schneider  and  Herz,0  as  well 
as  other  German  dentists,  have  recently  used  bromide  of  ethyl  in 
their  practices,  and  speak  highly  in  its  favour  for  dental  opera- 
tions. Finally,  Dr.  J.  F.  Silk 7  has  investigated  the  properties  of 
the  bromide  as  an  anaesthetic  in  this  branch  of  surgery.  He  has 
administered  it  in  over  130  cases,  and  has  taken  notes  of  the 
effects  produced.  I  have  therefore  largely  availed  myself  of  the 
information  and  conclusions  contained  in  Dr.  Silk's  paper  on  the 
subject,  feeling  that  as  he  has  had  a  considerable  experience  in 

1  Lancet,  vol.  i.  1877,  p.  143. 
-  '  Manual  of  Anesthetics.' 

3  Dr.  Chisholm  has  used  bromide  of  ethyl  in  3000  cases  without  a  fatality. 
See  Maryland  Med.  Journ.,  December  5,  18S0. 

4  Aselepiad,  1885,  p.  264. 

5  Brit.  Med.  Journ.,  vol.  i.  1880,  p.  586. 

6  Intcrnatiowde  Klinische  Rundschau,  April  14,  1889.  See  also  Lancet, 
April  27,  1889,  p.  848. 

7  Trans.  Odonto.  Soc.  of  Great  Britain,  February  1891. 
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other  anaesthetics  he  is  in  the  best  possible  position  to  judge  of 
the  merits  and  demerits  of  the  agent. 

All  who  have  employed  bromide  of  ethyl  as  an  anaesthetic  in 
surgical  practice  agree  that  it  is  more  adapted  for  operations  of 
very  short  duration  than  for  others.  It  has  hence  been  used 
somewhat  extensively  for  producing  anaesthesia  during  the  extrac- 
tion of  teeth.  It  rapidly  destroys  consciousness;  and  recovery 
from  its  influence  is  correspondingly  speedy. 

The  administration  may  be  conducted  by  means  of  a  towel  or 
leather  mask  (Fig.  26,  p.  136),  but  an  Ormsby's  inhaler  (Fig.  35, 
p.  149)  is  the  best  for  the  purpose.  A  drachm,  or  a  drachm  and  a 
half,  should  be  placed  upon  the  sponge  of  this  inhaler,  and  the 
apparatus  applied  to  the  face  of  the  patient.  Dr.  Silk  recom- 
mends that  little  or  no  air  should  be  admitted  for  the  first  few 
inhalations,  after  which  the  air-cap  of  the  apparatus  should  be 
opened.  With  regard  to  the  time  occupied  in  producing  anaes- 
thesia, Dr.  Silk  says  : — "  In  estimating  the  time  taken  to  induce 
anaesthesia,  it  would  obviously  be  unfair  to  include  all  methods 
of  administration  together.  Taking,  therefore,  only  the  closed 
method,  i.e.,  when  the  Ormsby's  inhaler  was  used,  I  find  that  I 
have  recorded  twenty  observations,  from  which  I  estimate  the 
average  time  of  induction  to  be  66.8  seconds,  or  slightly  less 
than  in  the  case  of  nitrous  oxide.  The  duration  of  the  anaes- 
thesia thus  produced  I  found  to  be  46.2  seconds,  an  average 
arrived  at  from  the  consideration  of  twenty-eight  cases — this 
is  nearly  half  as  long  again  as  with  nitrous  oxide.  Roughly 
speaking,  the  duration  of  the  anaesthesia  bears  some  relation  to 
the  time  required  for  induction,  but  of  course  this  is  by  no  means 
absolute ;  and  with  the  English  samples  of  the  drug  the  varia- 
bility is  very  marked.  It  would  certainly  appear,  too,  that  when 
the  time  from  the  commencement  of  the  inhalation  to  the  end 
of  the  anaesthesia  exceeds  two  minutes,  the  after-effects  are  very 
likely  to  be  troublesome." 

Of  300  cases  in  which  Dr.  Chisholm  administered  the  bromide 
of  ethyl  the  time  required  to  produce  deep  anaesthesia  was  not 
more  than  60  seconds. 

As  to  the  signs  of  anaesthesia,  the  administration  should  be 
conducted  till  softly  snoring  breathing,  or  insensibility  of  the 
cornea,  is  produced.  Should  there  be  delay  in  the  supervention 
of  these  signs,  the  inhaler  should  be  removed  on  the  detection  of 
any  feebleness  or  irregularity  in  the  pulse.  A  single  and  con- 
tinuous administration  of  the  agent  in  this  manner  is  not  likely 
to  be  attended  by  any  unpleasant  after-effects  ;  but  a  re-applica- 
tion of  the  inhaler  will  be  liable  to  induce  nausea  and  vomiting. 
An  intermittent  administration,  such  as  that  which  would  be 
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necessary  for  a  prolonged  operation,  is  therefore  not  to  be  recom- 
mended. Dr.  Marion  Sims 1  performed  Batty 's  operation,  using 
bromide  of  ethyl  as  the  anaesthetic,  and  the  administration  lasted 
i£  hours.  Vomiting  occurred  several  times  ;  the  conjunctiva  was 
sensitive  from  the  beginning  to  the  end  ;  opisthotonus,  very  rapid 
breathing,  and  violent  straining  were  produced.  Severe  pain  in 
the  head  followed  the  inhalation,  and  after  attacks  of  diarrhoea, 
tenesmus,  and  convulsions,  the  patient  died  (21  hours  after  the 
operation).  Dr.  Levis  of  Philadelphia  has  administered  the 
bromide  for  40  consecutive  minutes  with  an  expenditure  of  11 
drachms.    Other  observers  also  record  prolonged  administrations.2 

When  bromide  of  ethyl  is  administered  as  above  recommended, 
respiration  is  not  markedly  affected.  It  remains  for  the  most 
part  regular,  and  free  from  those  temporary  embarrassments 
which  are  common  with  nitrous  oxide  or  ether. 

Professor  Wood  of  Philadelphia  regards  bromide  of  ethyl  as  a 
cardiac  depressant.  During  its  administration  the  pulse  usually 
becomes  increased  in  rate,  and  somewhat  diminished  in  force.  In 
several  of  the  patients  to  whom  Dr.  Silk  administered  the  bromide 
he  found  that  distinct  irregularity  and  slowing  of  the  pulse  were 
to  be  detected. 

Struggling  and  excitement  are  exceptional.  Dr.  Turnbull 
records  hysterical  excitement  in  six  out  of  100  cases.  This 
absence  of  early  excitement  is  doubtless  a  great  point  in  favour 
of  the  bromide.  The  pupils  usually  dilate  during  the  administra- 
tion, and  some  increase  of  saliva  occurs. 

Dangers  connected  with  the  Administration. — Several  deaths 
have  occurred  during  or  immediately  after  the  administration 
of  this  anaesthetic ;  but  as  it  is  difficult  or  impossible  to  ascertain 
the  number  of  times  bromide  of  ethyl  has  been  employed,  the 
actual  death-rate  is  unknown.  There  is  good  reason  to  believe 
that  the  risks  attendant  upon  the  administration  have  been  over- 
estimated, and  that  if  a  pure  drug  be  employed,  and  ordinary 
care  exercised,  the  rapid  induction  of  anesthesia  sufficient  for 
the  performance  of  a  short  operation  is  attended  by  little  or 
no  danger.  Dr.  Silk,  who  has  investigated  all  the  published 
fatal  cases,  says  "  that  the  fatalities  recorded  appear  to  have 
resulted  (1)  at  the  commencement  of  the  inhalation  from  sudden 
heart-failure;  (2)  at  a  somewhat  later  period  presumably  from 
respiratory  paralysis;  or  (3)  some  hours  after  the  administration 
from  severe  gastro-intestinal  irritation,  such  as  might  result  from 
irritant  poisoning." 

1  See  a  paper  read  before  the  New  York  Academy  of  Medicine,  March  1880, 
entitled  '  The  Bromide  of  Ethyl  as  an  Anaesthetic. '   By  J.  Marion  Sims,  M.D. 

2  See  Norton,  Brit.  Med.  Journ.,  May  15,  18S0,  p.  735. 
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After-Effects. — As  with  other  agents  the  after-effects  bear  a 
kind  of  proportion  to  the  duration  of  the  anaesthesia.  A  short 
administration  is  usually  not  followed  by  headache  or  nausea, 
the  patient  regaining  consciousness  very  satisfactorily.  It  is  not 
very  uncommon,  however,  for  some  degree  of  depression  to  be 
experienced,  and  in  some  cases  actual  fainting  has  been  recorded. 
Hysterical  outbursts  may  sometimes  follow  the  inhalation. 
Nausea  and  vomiting  are  exceptional  after  a  single  administra- 
tion ;  but  during  or  after  a  comparatively  long  inhalation  they 
will  be  liable  to  result. 


Looked  at  from  all  points  of  view  bromide  of  ethyl  can  hardly, 
I  think,  be  regarded  with  much  favour.  As  compared  to  nitrous 
oxide  gas  it  is  distinctly  inferior  not  only  in  point  of  safety, 
but  in  the  greater  liability  after  its  administration  to  headache, 
nausea,  and  other  unpleasant  effects.  Before  any  very  definite 
opinion,  however,  can  be  expressed  as  to  its  suitability  for  use 
in  dental  and  other  minor  surgical  operations,  a  more  extensive 
trial  of  the  drug  should  be  made.  Its  greater  portability  is 
necessarily  a  recommendation  when  we  compare  it  with  nitrous 
oxide ;  but  its  liability  to  decomposition  quite  outweighs  this 
advantage. 

B.  ETHIDENE  DICHLORIDE. 

Administration  and  Effects  Produced. — Ethidene  dichloride 
was  first  employed  as  an  anaesthetic  by  Snow,1  who  administered 
it  on  several  occasions  with  good  results.  Snow  found  the  effects 
to  be  nearly  the  same  as  those  of  chloroform.  In  1870  it  was 
used  by  Leibreich  and  Langenbeck  in  Berlin,2  and  by  Sauer,8 
and  Steffen.4  In  1879  the  Glasgow  Committee  of  the  British 
Medical  Association  5  drew  attention  to  the  merits  of  the  anaes- 
thetic, and,  after  a  careful  comparison  of  its  action  with  that  of 

1  Most  of  the  information  contained  in  the  present  chapter  is  derived  either 
from  the  reports  of  the  Glasgow  Committee  on  Aneesthetics  (Brit.  Med.  Journ., 
Dec.  iS,  1880,  p.  958)  ;  from  a  lecture  given  by  the  late  Mr.  Clover  (Brit. 
Med.  Journ.,  May  29,  1880,  p.  797) ;  or  from  Dr.  Snow's  article  on  'Mono 
chlorurretted  Chloride  of  Ethyle '  (op.  cit.,  p.  420). 

2  Berlin  Klin.  Wochenschrift,  Nos.  31  and  33,  1S70,  p.  401. 

3  Pharm.  Centrcdblatt,  vol.  xiv.  p.  140. 

4  Deutsche  Klinik,  No.  44,  p.  398,  and  Jahrcsb.  der  Mcdicin,  1S70-I-2. 

5  Brit.  Med.  Journ.,  vol.  i.  1879,  p.  108. 
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chloroform,  published  their  results  in  the  following  year.  Fifty 
operations  were  performed  under  ethidene  dichloride,  fifty  under 
chloroform,  and  the  results  tabulated.  They  found  the  average 
dose  of  ethidene  to  be  40.3  c.c,  or  1.8  c.c.  for  each  minute  during 
which  the  patient  was  under  its  influence.  With  chloroform 
the  average  dose  was  31.8  c.c,  or  1.7  c.c.  per  minute.  The  time 
taken  to  produce  an£esthesia  was,  in  the  case  of  ethidene  di- 
chloride, 4.3  min.  ;  whilst  with  chloroform  it  was  5.4  min.  Less 
excitement  was  observed  than  with  chloroform.  The  committee 
found  that  both  the  pulse  and  the  respiration  under  ethidene 
dichloride  were  less  altered  than  when  chloroform  was  used. 
They  did  not  obtain  the  marked  slowing  of  the  pulse  and  the 
quick  respiration  which  are  often  observed  with  chloroform. 
Ethidene  dichloride  was  regarded  by  the  committee  as  midway, 
in  point  of  safety  and  in  other  respects,  between  chloroform  and 
ether ;  and  after  their  eulogistic  account  of  its  action  it  was  for  a 
time  largely  used.  Mr.  Tom  Bird  1  has  recorded  six  administra 
tions  by  means  of  Junker's  apparatus.  Mr.  J.  H.  Palmer  2  has 
also  reported  his  experiences  with  the  agent  administered  upon 
lint  or  by  means  of  a  towel.  He  found  that  one  ounce  was  re- 
quired to  anaesthetise  a  boy  of  18  for  an  operation  lasting  35 
minutes.  We  are  indebted,  however,  to  Clover  3  for  the  records  of 
no  less  than  1877  administrations  of  ethidene  dichloride,  and  his 
results  are  of  great  interest.  Of  the  1877  administrations  287 
were  for  major  operations.  Clover  usually  preceded  the  adminis- 
tration of  ethidene  by  nitrous  oxide  gas,  using  his  gas-and-ether 
inhaler  (Fig.  36,  p.  176)  for  the  purpose.  The  vapour  of  ethidene 
was  gradually  added  when  the  patient  was  partly  anaesthetised 
by  nitrous  oxide.  By  this  method  struggling  was  rarely  met 
with.  A  little  convulsive  twitching  occurred  as  anaesthesia 
approached,  and  this  was  quickly  followed  by  stertor  and  dilata- 
tion of  the  pupils.  Air  was  then  admitted  as  occasion  required ; 
and  the  quantity  of  ethidene  given  was  regulated  by  the  general 
condition  of  the  patient.  Clover  seems,  in  fact,  to  have  adminis- 
tered ethidene  in  very  much  the  same  way  as  he  employed  ether 
I.e.,  with  a  limited  supply  of  air. 

Dangers  connected  with  the  Administration. — Sauer,  to  whom 
reference  has  already  been  made,  has  recorded  a  fatality  under 
ethidene  in  a  patient  who  was  the  subject  of  morbus  cordis. 
Another  fatality  is  reported  by  Clover ;  4  but  from  the  published 

1  Med.  Times  and  Gaz.,  vol.  i.  1879,  p.  62. 

2  Lancet,  vol.  ii.  1879,  p.  637.  Mr.  Palmer  obtained  his  ethidene  from 
Kalbaum  of  Berlin,  through  some  London  chemists. 

3  Brit.  Med.  Journ.,  May  29,  1880,  p.  797. 

4  Loc.  ext. 
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account  of  the  case  the  anaesthetic  seems  to  have  but  little  share 
in  bringing  about  the  fatal  syncope  which  followed  the  adminis- 
tration. The  patient  had  a  large  flabby  heart,  and  syncope  took 
place  whilst  the  head  was  being  voluntarily  raised  after  the 
operation  was  over.  A  third  case  is  put  on  record  by  Dr. 
Mouillot.1  The  patient  was  the  subject  of  empyema,  and  died 
with  symptoms  of  syncope  soon  after  the  stage  of  struggling. 
A  fourth  fatality  is  mentioned  'l  as  having  occurred  during  an 
ophthalmic  operation.  Pallor  and  disappearance  of  the  pulse 
were  noticed  at  the  moment  the  cornea  was  incised.  It  may  be 
incidently  mentioned  that  ethidene  seemed  at  one  time  to  be 
specially  suited  for  ophthalmic  operations,  owing  to  the  infrequency 
of  struggling  during  its  administration,  and  of  vomiting  after- 
wards. There  can  be  no  doubt,  however,  that  ethidene,  although 
more  stimulating  than  chloroform,  is  yet  to  be  regarded  in  this 
respect  as  inferior  to  ether.  Clover  refers  to  three  cases  in  which 
alarming  symptoms  presented  themselves  during  the  administra- 
tion, and  in  his  remarks  on  the  fatality  above  alluded  to,  states 
his  belief  that  ether  would  have  been  safer  than  ethidene. 

After- Effects.— According  to  Clover,  patients  recover  from 
ethidene  anaesthesia  very  satisfactorily.  He  found  vomiting  to 
occur  in  one-third  of  his  administrations  for  major  operations, 
and  in  one- twentieth  of  those  for  minor  operations.  He  further 
states  that  vomiting  after  ethidene  invariably  ceases  sooner  than 
after  chloroform.  Of  thirty-three  cases  mentioned  by  Sauer,  two 
vomited,  and  two  had  nausea  and  headache  after.  The  Glasgow 
committee  found  that  nausea  and  vomiting  were  about  equal  in 
frequency  after  ethidene  and  after  chloroform,  but  that  vomiting 
after  ethidene  was  of  shorter  duration  than  that  after  chloroform. 

C.  AMYLENE.  PENTAL. 

Amylene. 

Administration  and  Effects  Produced. — For  most  of  our  pre- 
sent knowledge  concerning  the  effects  produced  by  amylene  we 
are  indebted  to  Snow,  who,  as  already  mentioned,  was  the  first 
to  employ  this  substance  as  an  anaesthetic.  Snow  used  it  in  238 
cases,  and  found  that  the  best  results  were  obtained  by  adminis- 
tering it  with  his  chloroform  inhaler  (p.  187).  The  great  volatility 
of  amylene  almost  necessitates  the  use  of  some  special  apparatus. 
Snow  found  that  three  to  four  fluid  drachms  were  required  to 

1  Brit.  Med.  Journ.,  vol.  i.  1881,  p.  385. 

2  Brit.  Med.  Journ.,  vol.  ii.  1882,  p.  1267. 
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cause  insensibility  in  the  adult,  and  that  about  15  per  cent,  of 
the  vapour  should  be  breathed  with  air.  Amylene  appears  to 
differ  from  chloroform  in  that  the  continuous  administration  of 
a  very  dilute  vapour  does  not  lead  to  anassthesia  ;  it  is  necessary 
to  exhibit  the  agent  in  a  somewhat  concentrated  form.  Owing 
to  the  sparing  solubility  of  amylene  in  the  blood,  and  to  its  great 
volatility,  patients  very  rapidly  emerge  from  its  influence,  so 
that  a  frequent  renewal  of  the  inhalation  is  necessary.  Snow 
estimated  that  amylene  was  consumed  at  about  the  rate  of  one 
fluid  drachm  per  minute,  when  administered  by  means  of  his 
apparatus.1 

In  most  of  Snow's  administrations  an  analgesic  and  not  a  truly 
anaesthetic  state  appears  to  have  been  obtained.  He  declared, 
indeed,  that  he  found  it  possible  to  secure  an  absence  of  pain 
with  a  less  profound  coma  than  that  which  characterised  the  use 
of  chloroform  or  ether.  The  lid-reflex  was  not  as  a  rule  abolished, 
although  muscular  movements  in  reflex  response  to  operative 
interference  were  usually  absent.  Both  major  and  minor  opera- 
tions were  performed  during  this  comparatively  light  form  of 
anaesthesia.  The  pulse  was  almost  always  increased  in  frequency 
and  force.  The  respiration  was  often  accelerated.  The  pupils 
were  most  commonly  about  the  ordinary  size.  The  colour  of  the 
features  was  heightened.  Perspiration  was  met  with  in  some 
cases.  It  was  found  that  amylene  could  not  be  depended  upon 
for  producing  complete  muscular  relaxation,  and  that  it  was  not 
a  very  convenient  anaesthetic  for  prolonged  operations  about  the 
mouth  or  face.  It  appeared  to  answer  best  in  short  operations 
not  requiring  muscular  flaccidity,  such  as  those  for  the  extraction 
of  teeth.  Less  salivation  was  observed  than  under  ether  or 
chloroform. 

Soon  after  the  introduction  of  amylene  by  Snow  it  was  tried 
somewhat  extensively  both  in  this  country  and  abroad.  The 
conclusions  arrived  at  by  a  Committee  of  the  Academy  of  Medi- 
cine were  : 2  That  rigidity  was  the  rule  rather  than  the  exception 
during  amylene  administration  ;  that  a  remarkably  rapid  recovery 
from  its  effects  occurred ;  and  that  it  was  more  suitable  for  brief 
operations  than  for  others.  Its  unpleasant  odour  was  regarded 
as  a  barrier  to  its  general  employment.  M.  Giraldes  administered 
amylene  to  79  children,  and  stated  that  two  drachms  were 
required  in  most  cases  to  produce  insensibility  to  pain.  According 
to  Kappeler,3  amylene  was  given  a  fair  trial  by  Spiegelberg  and 
Lohmayer,  who  were  unable  to  obtain  complete  anaesthesia  with 

1  Med.  Times  and  Gaz.,  Jan.  17,  1857,  p.  60. 

2  See  Med.  Times  and  Gas.,  vol.  i.  1857,  p.  623. 

3  Op.  cit.,  p.  192. 


266 


ANAESTHETICS  AND  THEIR  ADMINISTRATION. 


it;  whilst  Billroth  and  Jlingken  found  it  answered  well  as  an 
anaesthetic,  even  in  major  operations  (resection  of  os  calcis, 
amputation  of  leg,  &c). 

Dangers  connected  with  the  Administration.— Of  Snow's  238 
cases  there  were  two  fatalities  ;  but  in  discussing  these  by  the 
light  of  our  present  knowledge  it  is  questionable  whether  they 
should  be  directly  attributed  to  the  influence  of  the  anaesthetic. 
In  one  case  the  pulse  failed  at  the  moment  the  incision  was  made 
for  fistula  in  ano,  the  patient  being  only  lightly  under  the  anaes- 
thetic. In  the  other  the  patient  was  in  the  prone  position,1  and, 
from  the  fact  that  breathing  had  been  observed  to  be  noisy  and 
snoring,  it  is  quite  possible  that  other  factors  than  the  toxic 
action  of  the  amylene  may  have  been  at  work.  These,  however, 
are  merely  conjectures.  The  patients  appear  to  have  died  from 
cardiac  failure  in  much  the  same  way  that  has  frequently  been 
observed  in  the  case  of  chloroform.  The  occurrence  of  these  two 
fatal  cases  had  the  effect  of  lessening  the  confidence  of  the  pro- 
fession in  the  new  anaesthetic ;  and  it  does  not  appear  to  have 
been  again  employed,  at  all  events  as  amylene.  The  body  now 
being  introduced  as  pental  will  be  discussed  below. 

After-Effects. — Patients  recover  with  remarkable  rapidity  from 
the  effects  of  amylene.  Nausea  and  vomiting  are  quite  excep- 
tional. Of  Snow's  238  cases  there  were  only  two  in  which 
vomiting  occurred  immediately  after  the  administration ;  and 
sickness  was  only  heard  of  subsequently  in  eight  or  ten  cases. 

Pental. 

The  substance  known  by  this  name  has  been  already  referred 
to  (p.  14).  What  the  precise  differences  between  it  and  its 
predecessor  amylene  may  be,  further  experience  must  decide. 
Pental  has  been  somewhat  extensively  used  in  Germany  as  an 
anaesthetic  in  dental  surgery,  and  the  following  remarks,  for 
most  of  which  I  am  indebted  to  Mr.  T.  E.  Constant 2  of  Scar- 
borough, apply  to  its  employment  in  this  branch  of  practice. 

Administration  and  Effects  Produced.  —  A  Clover's  ether 
inhaler  (p.  139),  or  some  similar  apparatus,  answers  best.  Two 
drachms,  or  a  little  more,  should  be  poured  into  the  reservoir. 
The  bag  being  attached,  the  patient's  expirations  may  be  allowed 
to  partly  fill  the  bag.  The  indicator  must  be  turned  to  '  1  ' 
when  the  apparatus  is  applied  to  the  face.  JSTo  more  air  should 
be  given,  but  the  patient  should  breathe  to  and  fro  for  about 

1  See  p.  32. 

2  The  pental  used  by  Mr.  Constant  was  procured  from  C.  A.  F.  Kahlbauui 
of  Berlin. 
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40  seconds,  the  indicator  being  progressively  pushed  towards  'F.' 
The  symptoms  produced  are  similar  to  those  recorded  by  Snow. 
The  eyes  often  remain  open.  It  is  sometimes  possible  to  obtain 
true  analgesia,  the  patient  retaining  consciousness  whilst  a  tooth 
is  painlessly  extracted.  At  the  end  of  about  40  seconds,  the 
inhaler  is  removed  and  the  extraction  commenced.  Anaesthesia 
is  stated  to  persist  for  about  a  minute  after  the  removal  of  the 
face-piece. 

Dangers  connected  with  the  Administration. — A  fatality  in 
connection  with  the  use  of  pental  has  been  recorded,1  but  it  is 
difficult  to  say,  with  the  facts  before  us,  what  share  the  anses- 
thetic  had  in  the  causation  of  the  symptoms.  A  case  has  also  been 
reported  to  me  in  which  the  most  alarming  symptoms  occurred 
immediately  after  the  inhalation.  Respiration  grew  shallow  and 
then  ceased,  whilst  the  radial  pulse  became  imperceptible.  In- 
version restored  the  pulse ;  but  artificial  respiration  for  seven 
minutes  had  to  be  resorted  to  before  recovery  ensued.  Looked  at 
from  all  points  of  view  the  use  of  amylene  or  pental  seems  to  have 
but  little  to  recommend  it.  As  compared  to  nitrous  oxide  gas 
for  brief  operations  it  is  certainly  inferior,  not  only  because  of  its 
greater  danger,  but  because  it  is  not  so  agreeable  to  inhale. 

After-Effects. — -As  with  the  amylene  employed  by  Snow,  after- 
effects are  usually  completely  absent. 

D.  OTHER  ANESTHETICS. 

There  are  numerous  other  agents  which  have  been  used  for 
the  production  of  general  anaesthesia ;  but  they  are  all  inferior, 
in  one  way  or  another,  to  those  already  discussed. 

Nitrogen  is  capable  of  producing  insensibility  to  pain  when 
inhaled  free  from  oxygen,  or  with  very  small  percentages  of  that 
gas.  The  anaesthesia  must  be  regarded  as  the  result  of  oxygen- 
deprivation,  for  it  is  obvious  that  we  cannot  assign  any  specific 
anaesthetic  properties  to  nitrogen  itself.  In  1868,2  Professor 
Burdon  Sanderson,  the  late  Dr.  John  Murray,  and  Mr.  J.  Smith 
Turner  administered  nitrogen  for  tooth-extraction  to  six  patients 
at  the  Middlesex  Hospital.  In  the  first  two  cases  a  considerable 
quantity  of  air  appears  to  have  been  breathed  with  the  nitrogen  ; 
and  even  in  the  remaining  four  cases  there  is  good  reason  to 
believe,  from  the  results  obtained,  that  in  some  way  or  another 
small  quantities  of  oxygen  must  have  gained  access  to  the  lungs 
during  the  administration.    Thus,  insensibility  did  not  occur  till 

*  See  Brit.  Journ.  Dent.  Science,  June  1  and  15,  1892. 
-  See  Brit.  Med.  Journ.,  June  13,  1868,  p.  593. 
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from  three  to  four  minutes  after  the  commencement  of  the 
inhalation ;  no  lividity  of  the  features  was  observed  ;  and  in 
only  two  of  the  four  cases  was  there  an  absence  of  pain  during 
the  operation. 

On  May  13,  1890,  I  administered,  at  the  Dental  Hospital, 
for  Sir  George  Johnson,  nitrogen  with  .5  per  cent,  of  oxygen 
(i.e.,  practically  pure  nitrogen)  to  nine  patients.  There  was  no 
excitement  in  any  case.  An  onlooker  could  not  have  detected 
any  difference  between  the  phenomena  produced  and  those 
usually  met  with  under  nitrous  oxide.  I  used  the  same  appa- 
ratus which? I  employ  for  nitrous  oxide  (Fig.  18,  p.  95),  and 
took  great  care  that  the  face-piece  fitted  well  and  that  the  valves 
worked  accurately,  so  that  no  ah-  whatever  might  gain  admission 
to  the  lungs.  Anaesthesia  was  produced  with  remarkable  rapidity 
in  each  case.  The  available  period  of  anaesthesia  for  a  dental 
operation  was,  with  one  or  two  exceptions,  shorter  than  with 
nitrous  oxide.  There  was  reflex  screaming  in  some  of  the  cases ; 
but  this  is  also  met  with  under  nitrous  oxide,  more  especially  in 
hospital  practice.  I  administered  the  nitrogen  in  each  case  till 
slight  epilejitiform  movements  appeared.  The  recovery  was  quick 
and  good.  There  was  no  nausea  or  vomiting.  The  pulse  was 
usually  rapid,  and  I  am  inclined  to  think  not  so  strong  as  under 
nitrous  oxide. 

On  May  26,  1890,  I  administered  nitrogen  with  5  per  cent,  of 
oxygen  to  five  cases ;  and  nitrogen  with  3  per  cent,  of  oxygen 
to  four  cases.  A  longer  time  was  taken  to  produce  anaesthesia 
than  with  the  practically  pure  nitrogen;  but  the  period  of  in- 
halation was  still  remarkably  short.  The  resulting  anaesthesia 
seemed  to  be  longer  than  that  obtained  by  nitrogen  alone.  No 
excitement  was  noted  in  any  case.  During  the  administration 
there  was  less  jactitation  in  these  than  in  the  preceding  nine  cases. 
In  one  case  three  teeth  were  painlessly  extracted.  There  was 
some  excitement  after  the  inhalation  in  a  few  of  the  cases. 
One  patient,  a  boy,  complained  of  much  headache,  and  cried  with 
pain.  In  one  case  there  was  rapid  tremor  of  one  arm  after  the 
administration.  This  phenomenon  I  also  observed  in  one  of  the 
pure  nitrogen  cases.  All  patients  exhibited  jerky  and  irregular 
breathing,  with  cyanosis. 

On  May  29,  1890,  I  administered  nitrogen  with  5  per  cent, 
of  oxygen  to  one  case.  The  anaesthesia  was  not  satisfactory. 
On  the  same  day  I  administered  to  two  cases  nitrogen  with 
about  6.6  per  cent,  of  oxygen.  There  was  a  longer  period  of 
inhalation  than  with  the  5  per  cent,  of  oxygen,  and  some  ap- 
parent discomfort  and  uneasiness.  In  one  of  these  cases  I 
pushed  the  administration  till  slight  clonic  movements,  irregular 
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respiration,  and  cyanosis  occurred.  The  anaesthesia  was  then 
complete  for  a  short  operation. 

On  June  3,  1890,  I  administered  nitrogen  with  7  or  7  J  per 
cent,  of  oxygen  to  two  patients.  In  both  there  was  distinct 
anaesthesia.  In  one  case,  a  woman,  there  was  no  jactitation,  but 
some  cyanosis,  and  the  patient  was  quiet  throughout.  In  the 
second,  a  woman,  the  symptoms  were  like  those  of  pure  nitrogen 
or  nitrous  oxide,  coming  on  more  quickly.  There  was  definite 
anaesthesia. 

Sir  George  Johnson,  in  his  report  of  the  above  administra- 
tions of  nitrogen  with  .5  per  cent,  of  oxygen,  states  that  "the 
maximum  period  required  to  produce  anaesthesia  was  70  sees., 
the  minimum  50  sees.,  and  the  mean  time  58.3  sees."  With 
regard  to  the  cases  in  which  3  per  cent,  of  oxygen  was  present, 
Sir  George  Johnson  states  that  "the  time  required  to  produce 
anaesthesia  varied  from  60  to  75  sees.,  the  average  time  being  67.5 
sees."  Referring  to  the  cases  in  which  5  per  cent,  was  present, 
he  states  that  "  the  time  required  for  the  production  of  anaesthesia 
ranged  from  75  to  95  sees.,  the  average  being  87.5  sees."  1 

Although  anaesthesia  undoubtedly  follows  the  inhalation  of 
nitrogen,  the  results  are  not  so  satisfactory  as  when  employing 
nitrous  oxide.  As  in  the  case  of  the  latter  gas,  a  continuous 
inhalation  is  necessarily  impossible,  so  that  only  very  brief  ope- 
rations can  be  performed  under  its  influence. 

Ethyl  chloride,  C2H5C1,  a  colourless  mobile  liquid  with  a 
pleasant  odour,  and  boiling  at  I2°.5  C.  (Regnault),2  is  described 
by  Richardson  3  as  a  good  anaesthetic.  It  is  extremely  soluble 
in  alcohol.  When  thus  dissolved,  the  solution  may  be  kept  in 
well-stoppered  bottles,  and  the  ethyl  chloride  obtained  by  gently 
heating.  According  to  Kappeler,4  the  anaesthetic  properties  of 
ethyl  chloride  were  recognised  by  Flourens  and  others,  and  it 
was  used  successfully  in  several  cases  by  Heyfelder. 

Methyl  oxide,  or  di-methyl  ether,  (CH3)20,  a  gas  of  an  agree- 
able odour,  and  capable  of  being  condensed  to  a  mobile  liquid 
boiling  at  -  21°  0.  (Berthelot),  has  been  used  as  an  anaesthetic 
by  Richardson,5  who  speaks  in  its  favour.  In  twenty-seven 
instances  sufficient  insensibility  was  induced  to  permit  of  the 
painless  extraction  of  teeth  ;  and  in  all  cases  recovery  took  place 

1  For  further  information  see  Lancet,  April  11,  1891,  p.  815.  Sir  George 
Johnson  gives  the  details  of  sortie  administrations  of  nitrogen  conducted  for 
him  by  Mr.  Woodhouse  Braine. 

2  Roscoe  and  Schorlemmer,  vol.  iii.  part  i.  p.  344. 

3  Med.  Times  and  Gaz.,  Dec.  28,  1S67,  p.  693. 

4  Op.  cit.,  p.  185. 

■'  Asclepiad,  1887,  p.  135  ;  Med.  Times  and  Gaz.,  vol.  i.  1868,  p.  581. 
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within  u  minute.  Analgesia  rather  than  true  anaesthesia  appears, 
however,  to  have  been  produced. 

Ethylene,  or  defiant  gas,  C2H4,  was  administered  by  Nunneley 
of  Leeds  in  1849  *°  f°ur  patients;  but  it  was  found  to  be  un- 
satisfactory in  its  action. 

Amyl  hydride,1  amyl  chloride,-  ethyl  nitrate,^  benzene,4  and 
turpentine  6  have  one  and  all  been  found  to  be  capable  of  pro- 
ducing general  anaesthesia  when  administered  in  the  form  of 
vapour. 

1  Lancet,  vol.  i.  1885,  p.  101  ;  Asclcpiad,  1885,  p.  168  ;  Med.  Times  and 
Gaz.,  Dec.  28,  1867,  p.  694. 
-  Kappeler,  op.  cit.,  p.  190. 

3  Snow,  Med.  Times  and  (Jaz.,  Jan.  17,  1857,  p.  61. 

4  Snow  and  Richardson,  Med.  Times  and  Gaz.,  Jan.  17,  1857,  p.  61,  and 
Dec.  28,  1867,  p.  694. 

6  Med.  Times  and  Gaz.,  Dec.  28,  1867,  p.  694  ;  and  Kappeler,  p.  193. 
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CHAPTEE  VIII. 

THE  USE  OF  MORPHINE  IN  CONJUNCTION  WITH  GENERAL 

ANAESTHETICS. 

In  i  86  i  a  case  was  reported  by  Pitha  in  which  he  succeeded  in 
deeply  anaesthetising  a  patient  by  the  combined  action  of  bella- 
donna and  chloroform,  after  chloroform  itself  had  proved  ineffec- 
tual. In  1863  Nussbaum1  of  Munich  employed  morphine  in 
conjunction  with  chloroform,  by  injecting  it  during  chloroform 
anaesthesia.  He  used  from  .03  to  .06  grm.  of  the  acetate  of 
morphine,  and  found  that  patients  thus  treated  remained  in  a 
deep  sleep  for  a  considerable  time  after  the  withdrawal  of  the 
chloroform,  and  then  woke  without  nausea  or  vomiting.  At 
about  the  same  time  Claude  Bernard  observed  similar  effects  in 
dogs;  and  in  1869  2  published  his  researches. 

MM.  Labbe  and  Guyon 3  seem  to  have  been  the  first  to 
administer  morphine  before  chloroform  in  surgical  pi-actice.  They 
adopted  this  plan,  not  with  Nussbaum's  original  object,  viz.,  that 
of  lessening  the  after  pain  of  operations ;  but  with  Claude  Ber- 
nard's idea,  viz.,  that  of  facilitating  the  action  of  chloroform,  and 
rendering  far  smaller  quantities  of  the  anaesthetic  than  usual 
necessary.  They  injected  morphine  about  20  minutes  before 
chloroform  was  given,  and  found  that  by  this  practice  the  excite- 
ment stage  of  chloroformisation  was  very  considerably  lessened, 
and  that  when  once  anaesthesia  had  been  produced,  extremely  small 
doses  of  the  anaesthetic  were  needed  to  maintain  insensibility  to 
pain.  In  the  same  year  Demarquay  4  drew  attention  to  the  special 
dangers  which  might  arise  from  the  combined  action  of  the  two 
drugs,  and  considered  morphine  contra-indicated,  more  especially 
in  weak  subjects.    In  1877  Thiersch5  employed  the  method  in 

1  The  Bavarian  Med.  Intelligencer  for  Oct.  1863  is  stated  to  contain  Nuss- 
baum's paper.  See  also  Kappeler,  op.  cit. ;  Med.  Times  and  Gaz.,  vol.  i.  1864, 
pp.  259  and  596  ;  Med.  Times  and  Gaz.,  vol.  i.  1872,  p.  350. 

2  Lancet,  vol.  ii.  1869,  p.  789. 

3  Med.  Times  and  Gaz.,  March  23,  1872,  p.  359. 
J  Med.  Times  and  Gaz.,  Sept.  21,  1872,  p.  334, 

5  Lancet,  Dec.  8,  1877,  p.  861. 
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several  operations  about  the  mouth,  and  found  it  possible  to  main- 
tain an  analgesic  state  in  which  the  patient,  although  unable  to 
feel  pain,  could  aid  the  operator  by  coughing  out  blood,  &c,  when 
requested  to  do  so.  Within  more  recent  times  other  surgeons  have 
advocated  this  preliminary  injection  of  morphine.  Thus,  Dr. 
Alexander  Crombie  of  the  Bengal  Army,  writing  in  1880,1  stated 
that  he  had  then  employed  it  in  600  cases  with  excellent  results. 
He  advocates  the  injection  of  one-sixth  of  a  grain  immediatelyafter 
the  beginning  of  the  administration  of  chloroform,  and  finds  that 
there  is  less  vomiting  than  with  chloroform  alone,  and  that  there 
is  a  striking  absence  of  all  asphyxial  symptoms  during  the  chloro- 
formisation.  Kappeler  has  devoted  much  attention  to  the  subject, 
and  by  comparing  the  effects  of  chloroform  without  morphine 
and  chloroform  with  morphine,  in  the  same  patient,  on  different 
occasions,  concludes  that  the  mixed  anaesthesia  is  quieter,  that 
the  excitement  stage  is  much  shortened,  that  the  patient  is 
brought  with  less  muscular  action  into  the  stage  of  'tolerance,' 
that  irregularities  in  breathing,  leading  to  asphyxial  symptoms, 
are  conspicuously  absent,  and  that  much  less  chloroform  is  re- 
quired. He  finds,  however,  that  vomiting  is  more  frequent  than 
with  chloroform  alone.  Kappeler  prefers  to  inject  morphine  20 
to  30  minutes  before  the  chloroform  is  given,  and  uses  in  adults 
.015  grm.,  and  in  children  .01  grm. 

Professor  Victor  Horsley  2  has  pointed  out  that  the  combination 
of  morphine  and  chloroform  is  especially  valuable  in  cerebral 
surgery,  owing  to  the  diminished  vascularity  of  the  brain  and  its 
meninges  which  morphine  produces.  He  employs  a  subcutane- 
ous injection  of  morphine  a  short  time  before  the  chloroform  is 
given. 

One  of  the  latest  writers  on  the  subject  is  Dr.  Julliard  of 
Geneva,3  who  advises  the  injection  of  one-sixth  of  a  grain  of  mor- 
phine 20  minutes  before  ether  is  given.  He  very  properly  insists, 
however,  that  a  preliminary  trial  of  morphine  some  days  before 
the  operation  should  be  made,  in  order  to  ascertain  the  patient's 
susceptibility  to  the  drug.  Dr.  Julliard  finds  that  patients  are 
more  quietly  etherised  after  morphine  than  under  ordinary  circum- 
stances. He  also  uses  far  less  ether  to  keep  up  anaesthesia,  and 
indeed  in  many  cases  is  able  to  secure  an  analgesic  effect.  Curi- 
ously enough,  Kappeler  states  that  he  met  with  many  failures 
in  giving  ether  after  morphine,  and  with  more  excitement  than 
usual. 

Morphine,  when  employed  hypodermically  before  chloroform, 

1  Practitioner,  Dec.  1880,  p.  401. 

2  Brit.  Med.  Journ.,  vol.  ii.  1886,  p.  670. 

3  Op.  cit.    See  also  Brit.  Med.  Journ.,  vol.  i.  1S91,  p.  920. 
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is  often  combined  with  atropine,  the  latter  being  given  in  doses 
of  about  y^jyth  or  y^^th  of  a  grain.  According  to  Schafer  1  and 
others,  atropine  acts  as  a  preventive  against  cardiac  inhibition. 
Moreover,  the  secretion  of  saliva  is  said  to  be  lessened  by  using 
atropine  in  this  manner.  Many  eminent  French  surgeons  employ 
morphine  and  atropine  before  chloroform  and  ether,  and  their 
results  are  reported  to  be  very  satisfactory.2 

Whilst  there  can  be  no  doubt  that  the  use  of  morphine  in  con- 
junction with  general  anaesthetics  is  of  distinct  advantage  in  many 
cases,  we  must  not  lose  sight  of  the  fact  that  weighty  objections 
to  the  routine  employment  of  this  mixed  narcosis  undoubtedly 
exist.  In  addition  to  Demarquay,  others  have  raised  a  warning 
voice  as  to  the  danger  of  employing  opiates  in  conjunction  with 
anaesthetics  in  certain  cases.  Dr.  E.  H.  Jacob3  of  Leeds  points 
out  that  there  may  be  some  risk  in  administering  ether  to  patients 
already  under  the  influence  of  an  opiate,  and  cautions  surgeons  to 
be  on  the  alert  for  this  contingency  when  operating  for  hernia, 
as  patients  with  that  affection  are  often  under  opium  at  the  time 
the  anaesthetic  is  given.  Mr.  Clement  Lucas  4  states  that  he  has 
seen  two  cases  of  collapse  and  death  after  operations  for  hernia, 
and  believes  that  the  morphine  was  to  a  great  extent  answer- 
able. These  views  are  quite  in  accordance  with  those  which  I 
ventured  to  express  in  1886.  When  writing  in  that  year  I  was 
unaware  that  any  attention  had  previously  been  directed  to  the 
dangers  of  the  mixed  narcosis.  I  then  published 5  details  of  a 
case  in  which,  during  the  operation  for  the  removal  of  a  cerebral 
tumour,  the  patient  being  at  the  time  under  the  combined  influ- 
ence of  morphine  and  chloroform,  respiratory  paralysis  took  place. 
The  case  possessed  so  many  points  of  interest  that  I  may  perhaps 
be  allowed  to  again  refer  to  it. 

Illustrative  Case,  No.  25. — M.  K.,  a  female  patient,  set.  26,  was 
admitted  into  hospital  suffering  from  symptoms  undoubtedly  due  to  the 
presence  of  a  cerebral  tumour.  The  day  before  the  operation  she  could 
not  be  roused  ;  her  pupils  were  large,  active  to  light,  and  equal  ;  her  pulse 
was  84  ;  her  respiration  18,  and  shallow  ;  and  she  had  right  hemiplegia 
involving  the  face.  On  the  day  of  operation  she  was  quite  unconscious  ; 
her  respiration  was  24,  and  somewhat  noisy  ;  and  her  pulse  100.  One- 
third  of  a  grain  of  morphine  was  injected  subcutaneously,  and  the 
administration  of  chloroform  (diluted  with  one-fifth  of  ethylic  alcohol) 

1  Brit.  Med.  Journ.,  Oct.  16,  1880,  p.  620.    Also  Brit.  Med.  Journ.  vol.  ii. 
1880,  p.  240. 

2  See  an  interesting  letter  by  Dr.  Cockburn  Smith,  Lancet,  Oct.  10,  1891 
p.  843. 

3  Brit.  Med.  Journ.,  vol.  i  18S1,  p.  30. 

4  Brit.  Med.  Journ.,  vol.  i.  1882,  p.  500. 

5  Practitioner,  1887,  vol.  xxxix.  p.  93. 
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was  coinnienced  by  means  of  Junker's  inhaler.  Slight  coughing  and 
feeble  struggling  were  noted.  Cornea;  insensitive  in  about  four  minutes. 
Once  only  after  this  was  it  necessary  to  re-apply  the  chloroform  for  a 
few  seconds.  One  drachm  of  the  anaesthetic  was  required  altogether. 
When  operation  commenced  pulse  regular  but  weak,  and  respiration 
shallow.  Forty  minutes  after  the  administration  was  begun  breathing 
gradually  ceased.  Artificial  respiration  twice  restored  breathing  for  a 
short  time.  One  hour  after  administration  commenced  breathing  ceased 
for  third  time,  and  could  not  be  re-established.  Artificial  respiration 
by  Silvester's  method  was  kept  up  continuously  for  four  hours.  If  artificial 
respiration  was  suspended,  cyanosis  ensued,  and  the  pulse  became  feebler. 
About  2.\  hours  after  administration  commenced  it  Avas  decided  to 
attempt  to  complete  the  operation.  This  was  successfully  accomplished, 
artificial  respiration  being  carried  on  the  whole  time.  At  the  end  of 
four  hours  automatic  breathing  returned,  and  the  patient  was  moved  off 
to  bed. 

It  is  difficult  to  say  what  was  the  actual  cause  of  the  cessation 
of  breathing  in  this  case.  Whilst  the  anaesthetic  may  have  been 
the  exciting  cause,  it  is  obvious  from  the  fact  that  artificial 
respiration  had  to  be  kept  up  for  four  hours  before  automatic 
breathing  would  return,  that  other  more  potent  influences  were 
at  work,  and  amongst  these  the  morphine  probably  held  a  pro- 
minent position. 

Since  the  case  above  related,  I  have  seen  others  in  which  the 
use  of  an  opiate  before  the  administration  of  an  anaesthetic  has 
led  to  peculiar  symptoms  during  anaesthesia.  It  is  often  possible, 
indeed,  to  tell  from  the  manner  in  which  the  patient  behaves 
under  chloroform  or  ether  that  he  has  been  taking  morphine  in 
some  form  or  another.  He  passes  with  remarkably  small  quan- 
tities of  the  anaesthetic,  and  without  any  muscular  spasm,  into 
deep  anaesthesia  :  his  breathing  is  often  abnormally  slow :  and 
unless  very  small  quantities  of  the  anaesthetic  be  used,  respiration 
may  become  unexpectedly  impaired.  Surgeons  do  not  always 
acquaint  the  administrator  with  the  previous  treatment  their 
patients  have  received,  and  the  anaesthetist  should  therefore  be 
on  his  guard.  In  feeble  and  exhausted  patients,  in  those  who 
are  lethargic  or  semi-comatose,  and  in  those  with  any  respiratory 
difficulty,  I  am  fully  convinced  that  the  advantages  obtainable 
from  morphine  are  not  sufficiently  weighty  to  counterbalance  the 
risks  attendant  upon  its  employment. 

In  the  two  following  cases,  which  appear  to  me  worthy  of  brief 
notice,  the  state  of  the  patient  after  the  operation  seemed  to  be 
due  to  the  effects  of  morphine  given  whilst  the  patient  was  still 
under  the  influence  of  the  anaesthetic. 

Illustrative  Case,  No.  26—  F.,  about  38.  Perityphlitis  and  intes- 
tinal obstruction  of  four  days'  standing.    Abdomen  much  distended. 
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Frequent  vomiting.  Rapid  respiration,  entirely  thoracic.  A.  C.  E. 
mixture  given.  Abdominal  section.  Operation  lasted  about  an  hour. 
Good  colour  at  end  of  operation,  and  fair  pulse.  No  tracheal  rales. 
Twenty  minutes  later  40  minims  of  Tr.  opii  given  by  rectum.  In 
45  minutes  patient  cyanosed,  and  in  great  respiratory  distress.  Cheyne- 
Stokes  breathing.1  Patient  propped  up  in  bed.  Breathing  gradually 
became  calmer,  and  in  about  two  hours  the  duskiness  had  passed  off. 

Illustrative  Case,  No.  27. — M.,  set.  19.  Fair  state  of  health.  Peri- 
typhlitis. Removal  of  vermiform  appendix.  A.  C.  E.  mixture  given 
throughout,  except  for  15  minutes  in  middle  of  administration,  when 
chloroform  was  used  by  the  request  of  the  surgeon.  Duration  of  ad- 
ministration one  hour  and  a  half.  Satisfactory  anaesthesia.  Respiration 
always  quick.  Pulse  good.  At  end  of  operation  J  grain  of  morphine 
introduced  into  rectum  :  patient  still  well  under  anaesthetic.  Swallow- 
ing movements  came  on,  but  no  cough  or  attempt  at  vomiting.  Respi- 
ration became  extremely  quiet.  Could  not  rouse  patient.  Pupils 
moderately  contracted.  Colour  began  to  grow  dusky,  but  duskiness 
kept  in  check  by  flicking  chest  with  towel  and  so  stimulating  respira- 
tion. Pulse  rather  feeble.  He  lay  like  this  for  45  minutes,  with  no 
cough,  although  some  mucus  could  be  heard  at  back  of  throat.  Some 
moaning  and  restlessness.  Symptoms  gradually  subsided,  and  case  did 
very  well. 

In  the  two  last-mentioned  cases  I  have  every  reason  to  believe 
that  the  opiate  was  the  cause  of  the  peculiar  symptoms  observed ; 
for  I  have  not  met  with  such  symptoms  after  anaesthetics  when 
no  morphine  has  been  given. 

Several  fatalities  have  been  recorded  in  which  the  fatal  symp- 
toms were  partly  if  not  wholly  due  to  the  combined  influence  of 
the  opiate  and  the  anaesthetic.2 

Should  it  be  decided  to  administer  morphine  before  chloroform 
or  ether,  the  susceptibility  of  the  patient  to  the  drug  should  be 
previously  ascertained.  One-sixth  of  a  grain,  with  or  without 
j-srgth  of  a  grain  of  atropine,  is  often  sufficient ;  but  one  quarter 
or  one-third  of  a  grain  are  more  commonly  employed.  Larger 
doses  may  be  needed  in  exceptional  cases.  The  injection  is  best 
made  about  20  minutes  beforehand.  The  anaesthetic  should  be 
gradually  given  till  the  usual  signs  of  deep  anaesthesia  appear. 
It  should  then  be  discontinued,  and  not  re-applied  till  the  patient 
shows  very  distinct  signs  of  coming  round.  As  little  as  possible 
of  the  ether  or  chloroform  should  be  subsequently  administered  : 
the  conjunctival  reflex  should  be  retained :  and  an  analgesic  rather 
than  a  truly  anaesthetic  state  aimed  at.  The  objections  which 
usually  attend  upon  imperfectly  established  anaesthesia  do  not 

1  See  '  The  Influence  of  Certain  Drugs  on  Cheyne-Stokes  Respiration.'  By 
G.  A.  Gibson,  M.D.    Practitioner,  vol.  xxxviii.  1887,  p.  85. 

2  See  Med.  Times  and  Gaz.,  vol.  i.  1867,  p.  633  ;  Brit.  Med.  Journ.,  vol.  i. 
1881,  p.  69  (several  cases  quoted),  and  vol.  i.  1882,  p.  501. 
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apply  with  anything  like  their  usual  force  when  morphine  has 
been  given. 

In  administering  an  opiate,  either  subcutaneously  or  by  the 
rectum,  after  the  withdrawal  of  the  anaesthetic,  it  is  advisable  to 
wait  till  the  patient  displays  distinct  signs  of  recovery  from  the 
anaesthetic.  Should  much  mucus  be  present  within  the  air- 
passages,  morphine  should  be  withheld  till  the  mucus  has  either 
been  coughed  out  or  swallowed.  It  is  needless  to  add  that  when 
any  pre-existing  respiratory  affection  is  present,  opiates  should 
not  be  given. 


PART  III. 


THE  MANAGEMENT  AND  TREATMENT  OF 
THE  DIFFICULTIES,  ACCIDENTS,  AND 
DANGERS  OF  GENERAL  ANAESTHESIA. 

PRELIMINARY  NOTE. 

It  may  seem  to  many  that  unnecessary  stress  has  been  laid 
upon  this  part  of  the  subject.  The  reader  must  not  imagine, 
however,  that  the  numerous  difficulties,  accidents,  and  dangers 
about  to  be  discussed  are  of  such  common  occurrence  as  their 
detailed  description  might  suggest.  But  seeing  that  troublesome 
and  even  threatening  symptoms  sometimes  supervene  in  an  unex- 
pected manner,  it  behoves  every  one  who  gives  an  anaesthetic, 
even  for  the  most  trifling  operation,  to  be  fully  conversant  with 
the  proper  treatment  that  should  be  adopted.  It  has  hence  been 
thought  desirable  to  go  as  thoroughly  into  the  matter  as  possible. 


CHAPTEE  I. 

MINOR  DIFFICULTIES. 

In  the  preceding  Parts  of  this  work  frequent  reference  has  been 
made  to  the  various  difficulties,  accidents,  and  dangerous  condi- 
tions with  which  the  administrator  of  an  anaesthetic  may  possibly 
have  to  cope  in  the  discharge  of  his  duties.  It  has  been  pointed 
out  that  certain  subjects  are  more  prone  to  give  trouble  than 
others  (Pt.  I.  Chap.  II.) ;  that  when  some  operations  are  in  pro- 
gress there  is  a  greater  tendency  to  the  supervention  of  threaten- 
ing symptoms  than  when  others  are  being  performed  (Pt.  II. 
Chap.  III.) ;  and  that,  with  each  anaesthetic  which  has  been  dis- 
cussed, special  and  peculiar  phenomena  of  an  inconvenient  or 
possibly  dangerous  character  may  occasionally  make  their  appear- 
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a  nee.  It  will  also  bo  remembered  that,  when  considering  the 
preparation  of  the  patient  for  the  administration,  reference  was 
made  to  the  few  necessary  appliances  which  should  always  be 
at  hand  for  the  treatment  and  removal  of  the  various  difficulties, 
accidents,  and  dangers  which  may  complicate  the  administration 
(Pt.  I.  Chap.  V. ).  But  under  whatever  circumstances  difficulties 
may  arise  during  surgical  anaesthesia  their  treatment  should  be 
the  same.  It  therefore  appears  to  me  to  be  most  convenient  to 
consider  this  branch  of  the  subject  from  a  general  standpoint. 

Whilst  it  would  perhaps  be  misleading  to  emphasise  the  fre- 
quency with  which  troublesome  cases  present  themselves  in  actual 
practice,  it  would  be  equally  misleading  were  we  to  regard  these 
minor  difficulties  as  unimportant.  By  the  careful  observation  of 
the  patient's  symptoms ;  by  watching  with  an  attentive  eye  for 
the  slightest  deviation  from  what  may  be  called  the  normal 
course ;  and  by  correcting  or  relieving  symptoms  which  are  in 
themselves  but  trilling,  it  is  often  possible  to  avoid  difficulties 
and  dangers  of  a  seiious  or  abiding  character. 


A.  CONSCIOUS  HESITATION  IN  BREATHING. 

Patients  sometimes  give  trouble  by  breathing  in  a  hesitating 
and  imperfect  manner.  Others  hold  the  breath  and  refuse  to 
breathe  at  all.  With  nitrous  oxide  such  difficulties  may  come 
about  from  tight-lacing,  from  the  patient  being  ignorant  of  the 
manner  in  which  he  should  inhale,  or  from  sheer  nervousness 
and  apprehension.  The  remedy  in  each  case  is  sufficiently  obvious. 
Although  it  is  extremely  rare  to  meet  with  patients  who  cannot 
breathe  nitrous  oxide,  such  patients  do  exist.  The  initial  sensa- 
tions may,  in  the  case  of  highly  nervous  and  excitable  patients, 
be  so  unpleasant  that  the  administration  becomes  impossible. 
Usually,  any  mild  attempt  to  remove  the  face-piece  may  be 
successfully  met  by  gentle  remonstrance;  but  the  anaesthetist 
must  be  guided  by  the  time  the  patient  has  been  inhaling  as_  to 
whether  he  should  continue  the  administration  or  not.  With 
children,  any  crying  or  attempted  rebellion  should  certainly  be 
met  by  continuing  the  administration,  for  in  a  few  seconds  anaes- 
thesia must  ensue.  With  other  anaesthetics  the  restricted  breath- 
ing is  often  due  to  too  strong  a  vapour ;  but  even  though  a  very 
dilute  vapour  be  used  some  patients  will  absolutely  refuse  to 
breathe  freely.  In  such  cases  encouragement  and  re-assurance 
should  be  brought  to  bear ;  and,  above  all  things,  the  adminis- 
trator should  never  lose  patience  in  dealing  with  the  difficulties 
he  has  to  encounter. 
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B.  EXCITEMENT  :  MUSCULAR  MOVEMENT  :  INCON- 
VENIENT RIGIDITY. 

The  stage  of  excitement  may  be  so  marked  or  prolonged  that 
difficulty  may  be  experienced.  This  is  not  likely  to  be  the  case 
with  nitrous  oxide  when  given  by  means  of  an  accurately  work- 
ing and  well  fitting  apparatus ;  nor  with  ether  when  properly 
administered  by  the  close  method.  But  the  faulty  administra- 
tion of  nitrous  oxide,  the  use  of  ether  by  the  open  method,  and, 
in  certain  subjects,  the  inhalation  of  chloroform  in  the  usual 
manner,  are  one  and  all  liable  to  be  attended  by  shouting,  gesticu- 
lation, violent  muscular  excitement,  pugilistic  movements,  &c. 
When  anaesthetising  hysterical  young  women,  hyper-sensitive 
persons  of  both  sexes,  alcoholic  individuals,  and  those  who 
have  become  addicted  to  morphine,  chloral,  &c.  (p.  18),  the 
administrator  must  be  on  his  guard,  and  he  should  have 
assistance  within  easy  call  in  case  the  patient  should  become 
unmanageable. 

The  so-called  '  struggling '  of  patients  under  anaesthetics  de- 
serves a  few  remarks  ;  for  it  is  not  an  uncommon  thing  for  all 
movements,  even  including  those  which  sometimes  attend  the 
deepest  form  of  anaesthesia,  to  be  included  under  this  term.  It 
would  appear  that  the  following  muscular  movements  may  occur 
in  connection  with  the  use  of  anassthetics  : — 

1.  Conscious  co-ordinate  movements  at  the  very  commence- 
ment of  inhalation. 

2.  Excited  movements  (often  apparently  conscious  in  nature) 
of  the  neck,  arms,  legs,  and  other  parts,  before  true  anaesthesia 
has  become  established. 

3.  Reflex  movements  of  fingers,  arms,  legs,  abdominal  walls, 
and  respiratory  muscles  during  comparatively  deep  anaesthesia, 
such  movements  occurring  as  the  immediate  result  of  some 
sensory  impression. 

4.  Irregular  muscular  twitchings  in  various  parts  of  the  body, 
such  as  those  commonly  met  with  under  nitrous  oxide  gas  admin- 
istered free  from  all  oxygen. 

5.  Fine  rhythmical  tremor. 

The  movements  which  are  purely  voluntary  in  nature  need  not 
further  detain  us.  The  excited  muscular  phenomena  of  incipient 
anaesthesia  are,  however,  of  considerable  importance,  for  they 
may  require  delicate  treatment.  The  circumstances  under  which 
they  are  most  liable  to  occur  have  already  been  fully  discussed. 
They  seem  to  be  often  initiated  by  unnecessary  restraint.  Patients 
should  therefore  never  be  held  or  touched  by  assistants  unless 
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restraint  really  becomes  necessary.  Should  the  patient's  move- 
ments be  such  that  he  might  possibly  do  himself  damage,  or 
interfere  with  the  administration,  he  should  be  held  by  an 
assistant,  but  care  should  be  taken  not  to  lean  heavily  upon 
the  phest  or  abdomen.  As  a  general  rule,  the  cautious,  but 
continuous  application  of  the  anaesthetic  quickly  causes  such 
muscular  phenomena  to  subside.  With  chloroform  care  must  be 
taken,  as  has  been  fully  explained,  not  to  limit  the  air-supply 
during  this  so-called  struggling;  whereas  with  ether  moderate 
air-limitation  is  advantageous  at  this  period,  and  free  from  risk 
in  persons  of  average  strength.  With  nitrous  oxide  a  rapid 
increase  in  the  supply  of  the  anaesthetic  is  indicated,  and  greater 
pressure  should  be  made  upon  the  face-piece  in  order  that  all  air 
may  be  excluded. 

Reflex  movements  may  occur  at  all  stages  of  anaesthesia,  and 
occasionally  give  rise  to  trouble.  As  a  general  rule  more  of  the 
anaesthetic  is  needed ;  but  the  administrator  must  bear  in  mind 
the  very  important  fact,  for  the  truth  of  which  I  can  vouch,  that 
the  abolition  of  a  reflex  movement  may  possibly  involve  the 
patient  in  danger.  In  bladder  operations,  for  example,  it  may 
be  hazardous,  in  certain  patients,  to  completely  subdue  a  very 
slight  and  possibly  almost  imperceptible  movement  of  the  legs 
when  the  catheter  touches  a  sensitive  part  of  the  bladder.  In 
most  cases,  the  anaesthetic  may  be  unhesitatingly  pushed,  but 
not  in  all.1  Should  some  reflex  movement  persist  under  ether, 
even  though  freely  administered,  the  anaesthetist  should  change 
to  the  A.  C.  E.  mixture  or  chloroform,  and  he  will  usually  be 
gratified  by  the  result.  Generally  speaking,  reflex  movements 
of  all  kinds  are  less  common  under  chloroform  than  under  ether, 
though,  when  the  latter  is  administered  very  deeply,  it  is  ex- 
tremely rare  to  meet  with  this  form  of  movement,  even  in 
operations  upon  highly  sensitive  parts. 

Irregular  muscular  twitchings  may  be  noticed  under  all  anaes- 
thetics :  they  are  most  commonly,  I  believe,  of  an  asphyxial 
nature.  They  do  not,  as  a  rule,  inconvenience  an  operator. 
They  are  most  common  under  nitrous  oxide  when  administered 
free  from  oxygen;  and  as  children  and  anaemic  patients  are 
particularly  susceptible  to  them,  and  as  their  occurrence  might 
interfere  with  the  efficient  performance  of  an  operation,  it  is  best 
not  to  push  the  gas  very  far  in  such  cases.  The  admission  of 
more  air,  when  administering  ether  or  chloroform,  usually  causes 
these  twitchings  to  subside.    They  should,  I  believe  (p.  221),  be 

1  In  one  of  Dr.  Sheppard's  cases  he  found  that  the  abolition  of  a  reflex 
movement  of  the  finger,  during  a  perineal  operation  under  chloroform,  was 
immediately  followed  by  impaired  breathing. 
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taken  as  a  sign  for  great  caution  when  they  affect  the  upper 
extremities  during  the  use  of  chloroform. 

Fine  rhythmical  tremor  is  chiefly  met  with  under  ether,  and 
may  as  a  rule  be  stopped  by  a  deeper  narcosis.  It  has  been  con- 
sidered on  p.  154.  I  have  also  seen  it  in  alcoholic  patients  under 
nitrous  oxide. 

Sometimes  it  is  difficult  to  secure  thorough  and  complete 
muscular  relaxation  during  surgical  anaesthesia,  certain  parts 
of  the  body  remaining  inconveniently  rigid  for  a  long  period. 
With  nitrous  oxide,  as  has  been  pointed  out,  muscular  fiaccidity 
can  never  be  relied  upon.  With  ether,  too,  there  is  on  the 
whole  a  greater  tendency  to  inconvenient  muscular  rigidity  than 
with  chloroform.  Time  should  be  allowed,  when  employing 
ether,  for  complete  relaxation  to  become  established.  A  patient 
may  be  rendered  deeply  unconscious  with  this  anaesthetic  in  a 
minute  or  two,  but  ten  minutes  or  thereabouts  may  in  some 
cases  be  required  before  thorough  fiaccidity  can  be  said  to  be 
present.  If  rigidity  persist  after  this  period  has  elapsed — a 
most  inconvenient  condition  in  abdominal  or  bladder  surgery — 
a  few  drops  of  chloroform  should  be  administered  upon  lint  :  as 
a  general  rule  the  tonic  spasm  will  then  quickly  pass  away  and 
the  ether  may  be  resumed.  Rigidity  will  often  disappear  when 
more  air  is  allowed  with  the  anaesthetic,  a  fact  which  leads  one 
to  suppose  that  the  condition  may  sometimes  depend  upon  inter- 
current asphyxiation.  This  view  is  borne  out  by  the  following 
facts  : — that  a  relaxed  muscular  system  is  commoner  under  nitrous 
oxide  and  oxygen  than  under  nitrous  oxide  alone  :  that  in  close 
methods  of  etherisation,  the  degree  of  rigidity  often  varies 
directly  with  the  degree  of  cyanosis  and  other  evidences  of  defi- 
cient blood  oxygenation  :  and  that  tonic  muscular  spasm  is 
comparatively  rare  during  '  open '  chloroformisation.  I  once 
observed  a  widespread  and  inconvenient  rigidity  of  the  body  to 
co-exist  with  an  imperfect  entry  of  air,  from  the  tongue  being 
pressed  against  the  teeth  :  when,  by  the  separation  of  the  teeth, 
a  more  free  passage  of  air  became  established,  the  rigidity  at 
once  passed  off.  I  have  also  noticed  a  greater  tendency  to 
rigidity  when  ether  is  administered  by  Clover's  apparatus  than 
when  Ormsby's  is  used ;  this  is  probably  due  to  the  narrower 
channels  of  the  former  inhaler.  I  think  it  is  clear  that,  when 
employing  ether,  we  should  not  only  give  large  quantities  of  the 
drug  to  overcome  rigidity,  but  also  an  increased  air-supply. 
Alcoholic  patients,  those  whose  muscular  systems  are  well 
developed,  and  highly  nervous  or  hysterical  subjects  may  give 
trouble  to  the  administrator  by  persistent  rigidity.  Whenever 
ether  fails  to  relax,  chloroform  should  lie  resorted  to.    I  may 
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here  mention,  however,  that  I  once  failed  to  secure  thorough 
abdominal  relaxation  even  with  chloroform.  The  patient's 
average  daily  consumption  of  beer  was  reported  to  be  six- 
gallons.  I  found  that  respiration  became  jeopardised,  and  the 
pupils  widely  dilated,  each  time  I  got  to  the  verge  of  abdominal 
relaxation.    Fortunately  such  cases  are  excessively  rare. 

C.  COUGHING. 

Coughing  is  always  associated  with  a  slight  or  moderate  degree 
of  anaesthesia  ;  it  never  occurs  in  very  profound  narcosis.  In  the 
early  stage  of  administration  it  may  depend,  as  is  sometimes  the 
case  when  administering  nitrous  oxide,  upon  a  long  uvula  which 
touches  the  pharynx.  An  alteration  in  the  position  of  the  head 
at  once  subdues  the  cough.  Most  commonly,  however,  at  this 
stage  coughing  is  due  to  too  pungent  a  vapour ;  and  the  remedy 
in  such  cases  is  equally/clear.  Patients  with  an  irritable  throat, 
and  those  who  have  recently  smoked  tobacco,  are  somewhat  liable 
to  cough  at  the  beginning  of  the  administration.  The  gradual 
exhibition  of  a  moderately  dilute  vapour  will,  in  most  cases,  soon 
overcome  coughing.  Other  things  being  equal,  vigorous  and  florid 
persons  are  more  susceptible  to  cough  during  anaesthesia  than 
feeble  and  anaemic  patients,  probably  because  the  latter  are  more 
easily  placed  deeply  under  the  anaesthetic.  Speaking  generally, 
coughing  should  be  kept  in  abeyance  during  anaesthesia,  for  it  is 
likely  to  inconvenience  the  operator  in  most  operations,  and  more 
especially  in  abdominal,  ophthalmic,  and  bladder  cases.  Should 
it  be  difficult  to  abolish  the  cough  when  using  ether,  chloroform 
should  be  given.  As  already  explained,  there  are  some  cases  in 
which  an  occasional  cough  is  a  positive  advantage,  for  it  keeps 
the  air-passages  free  from  blood  (p.  36).  In  persons  with  much 
bronchitis,  or  with  any  affection  accompanied  by  much  pulmonary 
or  bronchial  secretion,  an  occasional  cough  is  to  be  encouraged. 
Coughing  is  nearly  always  preceded  by  deglutition-movements, 
so  that  should  the  administrator  desire  to  keep  his  patient  free 
from  coughing,  he  should  narrowly  watch  the  behaviour  of  the 
larynx. 

D.  HICCOUGH. 

Hiccough  seems  to  be  most  prone  to  occur  when  the  intestines 
ai'e  being  manipulated  or  operated  upon.  It  is,  however,  very 
rarely  met  with.  It  is  chiefly  inconvenient  in  abdominal  section, 
and  in  cases  requiring  regularity  and  tranquillity  of  breathing. 
Unfortunately  hiccough  is  difficult  to  relieve.    It  occurs  with 
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ether  as  well  as  with  chloroform,  and  is  little  if  at  all  influenced 
by  modifying  the  depth  of  anaesthesia.  Should  it  prove  highly 
inconvenient  to  the  operator,  the  question  may  arise  as  to  whether 
it  would  not  be  advisable  to  remove  the  anaesthetic  altogether 
for  a  while.  A  risk  of  retching  and  vomiting  would  then  be 
incurred  :  but  the  hiccough  would  probably  disappear. 

E.  RETCHING:  VOMITING. 

Retching  and  vomiting,  like  coughing,  never  occur  during 
very  profound  anaesthesia.  They  are  met  with  either  before  true 
surgical  anaesthesia  has  become  established,  or  whilst  the  patient 
is  emerging  from  the  effects  of  the  anaesthetic.  It  is  the  duty  of 
the  anaesthetist  to  do  all  in  his  power  to  prevent  their  occurrence 
whilst  the  patient  is  under  his  charge.  Retching  and  vomiting 
are  objectionable  as  complications  of  surgical  anaesthesia  for  at 
least  three  reasons.  In  the  first  place,  the  movements  of  the 
patient's  abdominal  and  thoracic  parietes  may  embarrass  the 
operator,  or  actually  render  the  operation  hazardous  or  impossible  : 
in  the  next  place,  should  there  be  food  present  in  the  stomach, 
its  discharge  during  light  or  moderately  deep  anaesthesia  may 
interfere  with  the  administration,  or  endanger  the  life  of  the 
patient :  and  lastly,  as  already  pointed  out,  there  is  with  many 
anaesthetics,  but  more  particularly  with  chloroform,  a  liability  to 
syncope  during  the  act  of  vomiting.  To  avoid  the  contretemps  in 
question,  then,  the  anaesthetist  should  give  the  anaesthetic  as 
speedily  as  is  compatible  with  safety,  and  should  keep  the  patient 
deeply  under  its  influence.  An  intermittent  inhalation  will  be 
very  liable  to  lead  to  swallowing,  retching,  and  possibly  actual 
vomiting. 

Some  patients  are  much  more  liable  to  retching  and  vomiting 
than  others.  The  most  liable  appear  to  be  tremulous  and  bloated 
patients  of  alcoholic  habits  :  flabby  young  men  and  women  with 
muddy  complexions ;  and  persons  who  are,  as  it  is  said,  of  '  bilious 
temperament '  or  liable  to  '  sick  headaches.'  Persons  of  spare 
build,  as  well  as  the  aged,  are  not  nearly  so  prone  to  vomit  as 
those  of  opposite  types.  When  large  quantities  of  mucus  and 
saliva  are  secreted,  a  very  deep  anaesthesia  may  be  necessary  in 
order  to  stave  off  vomiting. 

Retching  and  vomiting  are  very  rare  at  the  outset  of  an 
administration,  though  they  may  take  place.1    I  have  met  with 

1  A  curious  illustration  of  this  fact  once  came  under  my  notice.  A  friend 
of  mine  wished  to  try  the  A.  C.  E.  mixture,  as  I  had  explained  that  its  vapour 
had  a  fragrant  and  agreeable  odour  when  not  concentrated.  I  poured  a  few 
drops  upon  the  sponge  of  a  Rendle's  mask.    The  inhaler  had  hardly  been 
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retching,  for  example,  at  the  very  outset  of  the  administration 
of  the  A.  C.  E.  mixture  to  an  exhausted  and  nervous  subject, 
and  it  so  interfered  with  the  induction  of  anaesthesia  that  I  had 
to  give  nitrous  oxide,  which  I  fortunately  had  by  me,  in  order  to 
proceed  comfortably  to  etherisation. 

Retching  is  not  infrequently  induced,  before  administering 
an  anaesthetic  for  a  dental  operation,  by  the  simple  opening  of 
the  mouth  for  the  insertion  of  a  suitable  prop,  or  by  the  intro- 
duction of  the  prop  itself.  Nervous  patients,  great  smokers,  and 
alcoholic  individuals  are  most  prone  to  give  this  trouble.  To 
overcome  it  the  best  plan  is  to  divert  the  patient's  mind  by 
inducing  him  to  mentally  count  his  respirations  whilst  breathing 
the  gas.  In  this  way  the  difficulty  may  usually  be  surmounted. 
Should  this  fail,  I  find  the  plan  suggested  to  me  by  Mr.  It.  H. 
Woodhouse  to  answer  well.  He  employs  a  gargle  of  a  rather 
strong  solution  of  carbolic  acid  (about  1  in  60),  after  the  use  of 
which  the  patient  can  usually  tolerate  the  presence  of  a  mouth- 
gag  without  discomfort.  Should  these  measures  fail,  a  very 
small  prop  must  be  used,  or  the  gas  administered  without  em- 
ploying any  means  for  keeping  the  teeth  apart.  Under  such 
circumstances  as  these,  a  Mason's  gag  must  be  introduced 
immediately  the  face-piece  is  removed. 

When  once  the  patient  has  been  placed  fairly  under  the 
influence  of  the  anaesthetic,  the  administrator  should  have  no 
difficulty  in  averting  vomiting.  He  must  watch  for  the  early 
indications  of  its  approach,  and  at  once  increase  the  depth  of 
anaesthesia.  Amongst  these  indications  swallowing  is  the  best 
guide.  Sometimes,  however,  a  high-pitched  inspiratory  sound 
may  indicate  a  tendency  to  vomit;  or  a  shallow  form  of  breathing, 
with  some  pallor  but  with  good  conjunctival  reflex,  will  be  equally 
suggestive;  or,  lastly,  an  increase  in  the  size  of  the  pupil  may 
help  as  a  guide,  though,  if  the  administrator  has  been  on  the 
alert,  he  will  probably  have  received  earlier  warning  from  other 
signs. 

When  it  is  quite  obvious  that  the  vomiting  cannot  be  stopped, 
the  administrator  should  at  once  turn  the  head  to  the  side  (if  it 
is  not  already  so  placed),  and  raise  the  opposite  shoulder.  The 
teeth  usually  become  clenched  at  this  stage,  and  little  or  no  air 
enters  the  chest  as  the  larynx  is,  of  course,  closed.    The  lower 

applied  to  the  face  before  sudden  vomiting  occurred.  Food  had  been  taken 
just  before  the  experiment.  This  was  probably  a  purely  reflex  effect,  produced 
by  the  contact  of  vapour  with  the  mucous  lining  of  the  air-tract.  I  mention 
the  occurrence  because  it  serves,  I  think,  to  explain  other  cases,  and  because 
fright  and  apprehension  were  wholly  absent,  and  could  not  therefore  have 
contributed  as  factors. 
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jaw  should  be  pushed  forwards  from  behind,  and  in  a  few 
moments  the  duskiness  will  pass  off  without  difficulty.  I  have 
never  seen  any  trouble  arise,  even  when  undigested  food  has 
been  present  in  the  stomach,  by  allowing  vomiting  to  take  its 
own  course  with  the  head  in  this  position.  Sometimes  gently 
wiping  the  lips  or  passing  in  the  finger  will  expedite  matters. 
Should  the  patient  be  feeble,  it  is  not  desirable  to  allow  suspended 
respiration  of  any  duration  to  persist,  and  the  teeth  must  be 
separated.  Should  it  be  necessary,  the  mouth  may  be  sponged 
out,  or  the  finger  passed  to  the  back  of  the  throat  to  make  sure 
that  everything  likely  to  cause  obstruction  has  come  away. 

In  cases  of  intestinal  obstruction  special  care  (as  already 
mentioned)  is  necessary  in  the  management  of  vomiting. 

The  minor  difficulties  connected  with  respiration  and  circulation 
will  be  considered  in  the  two  following  chapters. 
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CHAPTER  II. 

THE    MANAGEMENT    AND    TREATMENT    OF    THE  DIFFICULTIES, 
ACCIDENTS,  AND  DANGERS  CONNECTED  WITH  RESPIRATION. 

We  have  now  to  consider  a  very  important  branch  of  the  present 
subject,  viz.,  the  management  and  treatment  of  the  difficulties, 
accidents,  and  dangers  which  may  arise  in  connection  with 
respiration  during  the  anesthetic  state.  Safe  and  satisfactory 
anaesthesia  can  only  be  maintained  so  long  as  respiration  is  being 
efficiently  performed.  It  is  hence  necessary  to  keep  a  vigilant 
watch  for  the  slightest  indications  of  respiratory  feebleness  or 
embarrassment,  and  at  once  to  correct  such  conditions,  in  order 
to  prevent  the  occurrence  of  more  serious  troubles  during  the 
administration. 

Having  fully  considered  in  the  preceding  parts  of  this  work 
the  various  circumstances  which  may  modify  or  interfere  with 
respiration  during  surgical  anaesthesia,  we  have  laid  the  ground- 
work, as  it  were,  upon  which  we  may  now  construct  a  system  of 
treatment  capable  of  application  to  every  case  which  may  come 
under  our  care. 

When  administering  an  anaesthetic  for  a  surgical  operation 
the  anaesthetist  may  meet  with,  and  have  to  treat,  difficulties  of 
respiration  belonging  to  one  or  both  of  the  following  groups — 

(i.)  Difficulties  in,  or  failure  of,  respiration  due  to  the  presence 
of  some  mechanical  obstruction  to  the  free  entry  or  exit  of  air. 
(Vide  infra:  Sect.  I.) 

(2.)  Feebleness  or  failure  of  respiration  occurring  independently 
of  any  mechanical  obstruction.    (Vide  infra:  Sect.  II.) 

It  will  therefore  be  convenient  to  consider  these  two  conditions 
separately. 
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Section  I. 

DIFFICULTIES  IN,  OR  FAILURE  OF,  RESPIRATION  DUE  TO  THE  PRESENCE 
OF  SOME  MECHANICAL  OBSTRUCTION  TO  THE  FREE  ENTRY  OR 
EXIT  OF  AIR. 

A.  ALTERED  POSITION,  SPASM,  OR  SWELLING  OF 
PARTS  WITHIN  OR  ABOUT  THE  UPPER  AIR- 
PASSAGES. 

General  Summary. — The  importance  of  maintaining  a  free 
air- way  during  anaesthesia  needs  no  comment.  It  is  a  curious 
fact,  however,  that  very  little  attention  has  been  bestowed  upon 
this  point.  An  anaesthetic  is  given,  and  the  patient  is  said  to 
'take  it  badly,'  or  to  'breathe  badly,'  but  the  cause  of  the 
difficulty  in  breathing  is  rarely  accurately  defined.  There  is  a 
tendency  for  all  anaesthetics  to  indirectly  or  directly  cause  ob- 
structed respiration — a  fact  which  should  ever  be  borne  in  mind  ; 
and  this  tendency  is  the  greater  when  any  pre-existing  narrowing 
of  the  air-passages  is  present.  The  air- way  may  become  obstructed 
at  various  places.  The  nature  and  degree  of  the  impediment  will 
vary  with  many  factors,  e.g.,  whether  the  patient  was  breathing 
wholly  or  partly  through  his  nose  or  mouth  before  the  obstruc- 
tion occurred ;  the  position  of  the  head,  and  more  especially  that 
of  the  lower  jaw ;  the  size  and  conformation  of  the  patient's  air- 
tract  ;  and  his  general  muscular  development.  Breathing  during 
deep  anaesthesia  usually  takes  place  through  the  nose.  It  may, 
however,  take  place  through  the  mouth.  Or  inspiration  may 
take  place  through  the  former,  and  expiration  through  the  latter 
channel,  the  soft  palate  acting  as  a  valve.  The  various  pre- 
existing morbid  states  which  may  favour  obstructed  breathing 
have  already  been  discussed,  and  the  reader  is  referred  to  p.  22 
for  remarks  on  this  head.  Apart  from  such  affections,  and  apart 
also  from  the  presence  within  the  air-passages  of  adventitious 
substances,  the  following  are  the  chief  obstructions  to  breathing 
which  may  arise. 

In  the  first  place  oral  respiration  may  become  obstructed— 
by  the  lips  being  pursed  up  or  falling  together :  by  the  tongue 
coming  into  contact  with  the  teeth  :  or  by  the  soft  palate  and 
tongue  meeting.  Spasm  of  the  masseters  often  contributes  to 
the  completeness  of  the  occlusion. 

In  the  next  place,  the  nasal  air-way  may  become  occluded 
during  the  administration,  more  especially  if  previously  narrowed 
by  some  morbid  condition.    Thus,  the  alas  nasi  may  fall  together 
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during  inspiration  :  or  the  nasal  mucous  membrane  may  become 
so  swollen  that  the  air-way  through  the  nose  is  rendered  un- 
available :  or  the  soft  palate  may,  by  contact  with  the  pharynx, 
completely  shut  off  the  nose  as  a  respiratory  channel. 

Then,  again,  we  find  that  the  base  of  the  tongue  may,  under 
certain  circumstances,  come  into  contact  with  the  pharyngeal 
wall.  This  is  a  very  common  cause  of  stertor  and  temporary 
obstruction  to  respiration. 

Furthermore,  the  larynx  may  become  covex-ed  by  the  epiglottis 
in  the  course  of  tardy  deglutition  movements ;  or  this  form  of 
obstructed  breathing  may  arise  independently  of  swallowing,  as 
for  example,  when  the  administration  of  nitrous  oxide  is  pushed 
to  an  unnecessary  degree. 

Lastly,  breathing  may  become  obstructed  either  by  closure  of 
the  folds  at  the  superior  aperture  of  the  larynx,  or  by  contraction 
of  the  sphincter  muscles  of  this  organ. 

A  few  remarks  on  stertor  may  not  be  out  of  place  in  this 
connection.  Strictly  speaking,  the  word  should  be  applied  only 
to  snoring  sounds ;  but  it  is  often  used  to  describe  others  of 
different  character.  Dr.  R.  Bowles  has  devoted  much  attention 
to  stertor,  and  in  his  recent  work  on  the  subject 1  describes  the 
following  varieties : — 

(i.)  Nasal.  Approximation  of  the  alas  nasi  towards  the  sep- 
tum, as  in  'sniffing.' 

(2.)  Buccal.  Lips  and  cheeks  puffing  and  flapping  during 
expiration  and  inspiration. 

(3.)  Palatine.  Soft  palate  vibrating.  Breath  may  either  pass 
through  nose  or  mouth ;  the  palatine  stertor  thus  acquiring  a 
nasal  character  in  the  one  case,  and  an  oral  character  in  the 
other. 

(4.)  Pharyngeal.  Produced  by  the  base  of  the  tongue  vibrating 
against  the  pharyngeal  wall. 

(5.)  Laryngeal.    Vibrations  of  the  vocal  cords. 

(6.)  Mucous.    Presence  of  mucus  in  trachea  and  larger  tubes. 

All  these  varieties  are  met  with  in  patients  under  anaesthetics ; 
and  we  are  indebted  to  Dr.  R.  Bowles  for  having  so  clearly  and 
ably  drawn  attention  to  the  importance  of  stertor.  He  rightly 
insists  that  stertor  is  in  itself  indicative  of  a  tendency  to  obstruc- 
tion :  and  there  can  be  no  doubt  that  very  profound  stertor 
should  be  regarded  as  an  indication  for  caution  and,  in  many 
instances,  for  a  somewhat  less  free  use  of  the  anaesthetic. 

With  regard  to  the  first-named  variety,  Lisfranc  states  that 
he  has  seen  obstructed  breathing  occur  from  the  falling  together 

1  'On  Stertor  and  Apoplexy,'  by  Robert  L.  Bowles,  M.D.,  1891. 
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of  the  thin  walls  of  the  nose  during  inspiration,  and  has  found 
it  necessary  to  keep  the  nasal  channel  artificially  open. 

Buccal  stertor  is  common  in  edentulous  old  persons,  and  may 
either  he  prevented  by  fully  extending  the  head  to  encourage  wh  oily 
nasal  respiration,  or  by  keeping  the  gums  apart  by  a  mouth-prop. 

Palatal  stertor  is  said  to  be  one  of  the  most  frequent  kinds 
of  stertor  dining  anaesthesia  ;  but  this  is  questionable.  From 
the  almost  invariable  stoppage  of  stertor  which  follows  the 
pushing  of  the  lower  jaw  forwards,  it  is  more  probable  that 
pharyngeal  stertor,  which  results  from  the  tongue  touching  the 
pharynx,  is  the  commonest. 

The  tongue,  as  I  have  elsewhere  particularly  pointed  out,1  often 
becomes  greatly  engorged  and  very  large  during  anaesthesia.  It  not 
infrequently  projects  a  considerable  distance  between  and  beyond 
the  teeth.  In  such  cases  pharyngeal  stertor  is  met  with,  and  may 
tend  to  pass  into  obstruction  if  the  jaw  be  not  kept  well  forwards. 

Laryngeal  stertor,  which  has  yet  to  be  more  thoroughly  in- 
vestigated, is  of  special  interest  to  the  anaesthetist.  That 
obstructed  breathing  is  often  caused  by  partial  or  complete 
laryngeal  occlusion  there  can  be  no  doubt.  The  word  stertor, 
however,  does  not  convey  a  proper  idea  of  the  sound  produced. 
Continuous  and  high-pitched  inspiratory  stridor  is  common  both 
with  ether  and  with  chloroform,  and  embarrassment  to,  or  actual 
cessation  of,  breathing  may  take  place  as  the  result  of  the  con- 
dition upon  which  this  sound  depends.  As  the  pitch  of  the 
sound  grows  higher,  so  the  obstruction  becomes  more  pronounced. 
In  most  cases  the  laryngeal  spasm  is  associated  with  an  im- 
perfectly developed  anaesthesia,  rather  than  with  the  administra- 
tion of  too  strong  a  vapour.  It  sometimes  commences  imme- 
diately a  very  sensitive  part  of  the  body,  e.g.,  the  rectum,  is 
manipulated.  On  other  occasions  it  appears  to  indicate  the 
approach  of  coughing  or  vomiting ;  for,  if  the  anaesthetic  be 
withheld  one  or  other  of  these  events  may  occur,  and  the  sound 
will  then  pass  off.  And,  lastly,  laryngeal  spasm  appears  to  be, 
in  some  instances  at  least,  brought  about  by  air- deprivation. 
The  administrator  may  have  difficulty  in  deciding  what  course 
to  adopt  when  this  high-pitched  crowing  sound  comes  on,  and  less 
and  less  air  is  gaining  access  to  the  lungs.  In  the  very  early 
stages  of  the  administration,  i.e.,  before  surgical  anaesthesia  has 
become  established,  it  is  best  to  stop  the  administration  till  the 
spasm  has  passed  away  ;  2  but  should  the  patient  have  been  for 

1  Trans.  Roy.  Med.  Chir.  Soc,  vol.  lxxiv.  1891,  p.  107. 

2  Dr.  V.  Poore,  in  a  very  able  article  on  chloroform  administration  (Lancet, 
vol.  ii.  1872,  p.  521),  recommends  this  course,  and  regards  the  sound  as  a  sign 
of  danger.    The  condition  is  not  referred  to  by  Kappeler. 
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some  time  deeply  narcotised  when  the  crowing  comes  on,  an 
attempt  should  be  made  to  overcome  the  condition  by  giving 
more  of  the  anaesthetic.  Should  the  crowing  fail  to  quickly 
subside  when  more  of  the  anaesthetic  is  given,  the  opposite  treat- 
ment should  be  adopted,  and  the  stridor  allowed  to  pass  away  by 
itself.  It  may  happen  that  the  high-pitched  crowing  sound  is  at- 
tended by  so  much  duskiness,  and  suspension  of  respiration,  that  it 
is  impossible  to  do  other  than  wait  until  the  condition  has  passed 
off.  I  have  notes  of  a  case  in  which  laryngeal  spasm  under 
ether  led  to  fine  clonic  movements  of  the  arms  and  hands,  doubt- 
less asphyxial  in  origin.  Complete  cessation  of  breathing  from 
the  cause  under  consideration  is  more  common  under  chloroform 
than  under  ether,  and  far  more  hazardous  to  life.  Sir  Joseph  Lister 
specially  directs  attention  to  the  importance  of  prompt  treatment 
in  the  case  of  chloroform.  With  ether  the  breathing  rarely  actu- 
ally ceases  as  the  direct  result  of  laryngeal  spasm.  The  interesting 
observation  originally  made  by  Dr.  Hooper  of  Boston,  and  cor- 
roborated by  Dr.  Semon  and  Professor  Victor  Horsley,1  is  worthy 
of  consideration.  Dr.  Hooper  found  that,  in  dogs  deeply  under 
ether,  stimulation  of  the  recurrent  laryngeal  nerve  caused  abduc- 
tion of  the  cords,  whereas  if  only  a  light  degree  of  etherisation 
was  present,  adduction  resulted.  We  certainly  find  in  practice 
that,  unless  the  anaesthesia  be  very  profound,  the  larynx  is  highly 
susceptible,  not  only  to  local  but  to  distant  stimuli,  so  that  if 
laryngeal  troubles  are  to  be  avoided  ether  must  be  used  freely. 
High-pitched  crowing  laryngeal  sounds  under  nitrous  oxide  are 
never  met  with,  except  in  association  with  vomiting  or  the 
presence  of  some  foreign  matter  in  or  near  the  larynx  itself. 
(For  further  remarks  see  pp.  160  and  221.) 

Treatment. — Although  obstructed  breathing  during  anaes- 
thesia may  arise,  as  above  indicated,  in  numerous  ways,  the 
treatment  which  should  be  adopted  for  its  relief  is  extremely 
simple.  In  nine  cases  out  of  ten  all  forms  of  obstructed  breath- 
ing may  easily  be  overcome  by  simply  pushing  the  lower  jaw 
forwards  from  behind,  as  shown  in  Fig.  54,  which  represents 
the  position  in  which  the  fingers  of  the  administrator  should  be 
placed  whilst  his  patient  is  deeply  under  ether.  The  head  should 
be  kept  well  on  its  side,  and  the  lower  jaw  pressed  well  forwards 
from  behind.  To  effect  the  latter,  the  forefinger  of  the  anaes- 
thetist should  be  placed  in  the  hollow  below  and  in  front  of  the 
mastoid  process,  and  force  should  be  applied  to  the  ascending 
ramus  of.  the  lower  jaw  along  a  line  drawn  from  the  mastoid 
process  to  the  angle  of  the  mouth.    Sometimes  the  upper  front 

1  '  On  an  apparently  Peripheral  and  Differential  Action  of  Ether  upon  the 
Laryngeal  Muscles  '  (Brit.  Med.  Journ.,  Aug.  28,  1S86,  p.  405). 
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teeth  will,  by  overlapping  the  lower,  prevent  the  lower  jaw  from 
being  pressed  forwards,  in  which  case  the  teeth  must  be  disen- 
gaged before  breathing  can  be  freely  re-established.  Sometimes, 
too,  there  is  so  much  spasm  of  the  masseters  and  other  jaw- 
muscles,  that  it  is  difficult,  unless  considerable  force  be  brought 
to  bear  on  both  sides,  to  move  the  lower  jaw  forwards.  The 
beneficial  effects  of  the  procedure  are  due  to  the  tongue  and 
epiglottis  being  carried  forwards,  i.e.,  away  from  the  pharynx 
and  larynx  respectively.  When  the  mouth  is  opened,  the  base 
of  the  tongue,  as  pointed  out  by  Dr.  R.  Bowles,  is  nearer  to  the 
pharyngeal  wall  than  when  the  mouth  is  closed.  With  a  closed 
mouth,  indeed,  the  interval  between  the  tongue  and  the  pharynx 
is  usually  perfectly  sufficient  for  free  respiration.    But  should 


Fig.  54. — The  Finger  of  the  Administrator  pushing  the  Lower  Jaw  Forwards. 
(From  a  photograph. 


the  tongue  and  adjacent  parts  be  engorged,  or  should  the  parts 
be  thoroughly  relaxed  and  the  head  in  the  middle  line  so  that 
the  tongue  gravitates  downwards,  this  interval  may  cease  to 
exist,  and  some  such  manoeuvre  as  that  just  described  will  be 
necessary  in  order  to  re-open  the  air-way.  The  epiglottis  is 
also  brought  away  from  the  pharynx  by  pushing  the  lower  jaw 
forwards,  as  I  have  actually  seen,  by  means  of  the  laryngoscope, 
in  a  patient  with  temporarily  embarrassed  respiration  under  ether. 
It  is  hence  clear  that  so  long  as  the  lower  jaw  can  be  moved 
forwards,  and  so  long  as  the  nasal  passages  are  free,  obstructed 
breathing  may  be  quickly  and  efficiently  relieved  by  the  simple 
measure  described.    Pulling  the  chin  away  from  the  sternum 1 

1  This  was  recommended  by  Clover,  as  a  useful  procedure,  as  far  back  as 
1874.  _  See  Brit.  Med.  Journ.,  Feb.  14,  1874,  P-  201.  Mr.  Clover  made  the 
following  important  remarks  :— "  The  act  of  swallowing  is  usually  performed 
well  enough  ;  but,  if  the  anesthetic  have  produced  sufficient  effect  upon  the 
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has  a  similar  effect  to  that  produced  by  pushing  the  lower  jaw 
forwards,  but  is  not  to  be  fully  relied  upon.  Complete  extension 
of  the  head  and  neck  has  also  been  recommended  for  the  relief 
of  arrested  breathing  ;  but  whilst  such  a  procedure  is  undoubtedly 
easy  of  application  and  quite  efficient,  so  far  as  opening  up  an 
air-way  is  concerned,  in  a  dead  subject,  it  is  not  trustworthy  in 
actual  practice. 

But  certain  cases  will  remain  in  which  the  obstruction  cannot 
be  removed  by  any  of  the  above-mentioned  measures.    It  then 
becomes  necessary  to  open  the  mouth.    Should  the  teeth  be 
tightly  clenched  this  must  be  effected  by  some  form  of  mouth- 
opener.    I  find  the  best  and  simplest  plan  is  to  insert  the  long 
wooden  wedge  shown  in  Fig.  2,  p.  82.    Its  thin  end  can  be 
introduced  without  delay,  even  between  the  most  tightly  clenched 
jawa  ;  and  after  it  has  been  insinuated  far  enough  the  Mason's 
gag  (Kg.  I,  p.  82)  should  be  inserted.    When  there  are  vacant 
spaces  between  the  teeth,  a  Mason's  gag  will  itself  suffice.  Care 
should  always  be  taken  not  to  injure  or  dislodge  any  fragile 
teeth.  Opening  the  mouth  at  once  disposes  of  any  difficulty  arising 
from  nasal  obstruction.    The  finger  should  now  he  passed  to  the 
hack  of  the  throat,  a  momentary  examination  made,  and  the 
base  of  the  tongue  should  then  be  hooked  forwards  by  the 
finger.    Should  this  not  succeed  the  tongue  forceps  should  be 
applied  and  vigorous  traction  made.    Any  impediment  due  to 
the  tongue  will  now  be  overcome.    Moreover,  there  is,  as  pointed 
out  by  Sir  Joseph  Lister,  a  form  of  obstruction  at  the  superior 
aperture  of  the  larynx,  which  is  also  relieved  by  tongue-traction. 
(See  Illust.  Case,  No.  29,  p.  294.)   This  obstruction  is  not  due  to 
the  epiglottis,  but  to  the  falling  together,  or  spasm,  of  the  folds 
at  the  superior  aperture.     Tongue-traction  will  not  of  itself 
remove  the  epiglottis  from  the  larynx,  unless  indeed  the  tongue 
should  be  so  forcibly  dragged  forwards  that  the  lower  jaw  is 
dragged  with  it.    Epiglottic  obstruction,  as  has  been  explained 
above,  may  usually  be  relieved  by  pushing  the  lower  jaw  forwards 
from  behind.    Should  breathing  still  continue  in  abeyance  after 
the  measures  described,  the  administrator  should  forcibly  com- 
press the  sternum  and  thoracic  parietes  with  the  object  of 
forcing  the  gaseous  contents  of  the  chest  past  any  laryngeal 
obstruction.    I  have  known  this  measure  to  succeed  when  those 
above  described  have  failed.    It  is  quite  possible,  in  some  cases 
in  which  the  epiglottis  is  the  cause  of  obstruction,  that  the 

patient  to  interfere  with  reflex  movements,  then  the  deglutition  may  be 
delayed  at  the  moment  when  the  epiglottis  covers  the  larynx.  Kaising  the 
chin,  and  pulling  it  as  far  as  possible  away  from  the  sternum,  is  usually  suffi- 
cient to  obviate  this  source  of  obstruction." 
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natural  but  fruitless  efforts  at  inspiration  may  suck  this  body 
so  tightly  over  the  laryngeal  orifice  that  it  cannot  be  released  by 
the  ordinary  means.  The  finger  may,  of  course,  be  used  to  raise 
it  in  favourable  cases.  Should  the  obstruction  be  below  the 
epiglottis,  intubation 1  may  be  attempted  by  any  one  skilled  in 
throat  surgery.  Unless  the  adrninistotor  is  quite  conversant 
with  the  subject,  however,  he  may  find  difficulty  in  applying 
either  of  these  measures.  If  pushing  the  lower  jaw  forwards, 
extending  the  head  and  neck,  vigorous  tongue-traction,  attempt- 
ing to  raise  the  epiglottis  by  the  finger,  endeavouring  to  pass  a 
catheter  into  the  larynx,  and  forcibly  compressing  the  chest 
walls,  should  all  fail  to  overcome  the  obstruction,  laryngotomy 
or  laryngo -tracheotomy  should  be  performed  without  delay. 

During  last  year  the  idea  occurred  to  me  that  it  might  be 
possible,  by  inflating  the  intestines  per  rectum  with  oxygen,  to 
successfully  treat  those  cases  in  which  breathing  comes  to  a 
standstill  from  some  mechanical  impediment.  Dr.  Starling  of 
Guy's  Hospital,  and  Mr.  George  Rowell  very  kindly  and  care- 
fully conducted  for  me  several  experiments  upon  an  asphyxiated 
dog.  The  animal  was  placed  under  chloroform  and  morphia  and 
then  curarised.  Its  trachea  was  opened  and  a  tube  inserted, 
through  which  artificial  respiration  was  kept  up  by  automatic 
bellows.  Its  carotid  blood  pressure  was  recorded  during  the 
experiments.  Asphyxia  was  brought  about  by  stopping  the  arti- 
ficial respiration.  When,  the  blood  pressure  had  fallen  consider- 
ably, oxygen  was  introduced  in  large  quantities  into  the  rectum 
until  the  intestines  became  fully  distended.  Unfortunately  no 
effects  whatever  followed.  I  mention  the  experiment,  as  it  is  of 
negative  value. 

I  propose  to  give  a  few  illustrative  cases  from  my  notebooks  : — 

Illustrative  Case,  No.  28. — M.,  set.  about  22.  Pale  :  neck  much 
enlarged  both  sides  by  sub-maxillary  glands  :  no  nasal  respiration,  pro- 
bably from  presence  of  adenoid  growths.  Operation  for  removal  of 
cervical  glands.  Teeth  kept  apart  by  preliminary  insertion  of  small 
piece  of  cork.  Ether  administered  by  Clover's  inhaler.  Kespiration 
difficult.  Unable  to  keep  lower  jaw  pressed  forwards  by  reason  of  its 
being  deeply  embedded  in  the  glandular  swelling.  Tongue  much 
engorged.  A.  C.  E.  mixture  tried  :  no  better  result.  The  difficult 
respiration  obviously  depended  upon  the  tongue  obstructing  the  oral 
air- way.  Had  to  keep  base  of  tongue  hooked  forwards  by  finger. 
Eventually  had  to  keep  tongue  pulled  continuously  forwards  by  means 
of  tongue  forceps,  and  to  administer  chloroform  on  the  end  of  a  Skinner's 
mask.  By  this  means  respiration  became  free  and  all  difficulty  van- 
ished.   Administration  lasted  one  hour. 


1  Kappeler  (p.  132)  advises  the  introduction  of  a  laryngeal  catheter  in  these 
cases. 
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The  above  case  illustrates  the  impossibility,  in  some  instances, 
of  pushing  or  dragging  the  lower  jaw  forwards.  The  difficulty 
of  breathing  was  due  to  this  cause,  for  the  base  of  the  tongue 
rested  against  the  pharynx  and  could  not  be  brought  away  by 
the  usual  means. 

Illustrative  Case,  No.  29.— F.,  set.  about  35.  Healthy  in  appear- 
ance. Good  chest  expansion.  Quick  but  good  heart's  action.  Opera- 
tion for  ruptured  perinseum.  Duncan  &  Flowchart's  chloroform : 
drop  bottle  :  Skinner's  mask.  In  seven  to  nine  minutes  from  com- 
mencement of  administration  pupils  moderately  contracted  (about  £ 
=  2\  mm.),  breathing  quiet  and  non-stertorous,  pulse  and  colour  good. 
Operation  commenced.  On  several  occasions  high-pitched  crowing 
inspiration  was  noted,  even  though  cornea)  insensitive  and  patient 
apparently  well  under.  The  difficulty  was  overcome  by  giving  more 
chloroform  and  pushing  lower  jaw  well  forwards.  On  one  occasion, 
however,  this  plan  failed,  and  the  mouth  had  to  be  opened  and  tongue 
forceps  applied.  This  restored  breathing,  but  the  colour  remained 
pale  and  dusky  afterwards.  Ether  now  given  on  an  open  inhaler. 
Pulse  and  colour  gradually  improved,  and  satisfactory  anaesthesia  was 
maintained  without  any  difficulty  for  hall'-an-hour.  The  operator 
found,  however,  that  the  parts  were  far  more  vascular  under  ether  than 
under  chloroform,  so  the  latter  anaesthetic  was  again  tried.  Precisely 
ihe  same  respiratory  difficulty  as  before  appeared.  The  operation, 
however,  was  by  this  time  just  mushed.  The  crowing  breathing  sub- 
sided altogether  directly  the  manipulations  about  the  perinseum  were 
discontinued. 

The  above  case  is  of  considerable  importance  as  illustrating  the 
occurrence  of  what  may  be  termed  reflex  laryngeal  obstruction 
during  the  use  of  chloroform.  Florid  young  and  middle-aged 
adults  seem  particularly  liable  to  the  condition  under  chloroform 
during  such  operations  as  that  mentioned,  and  the  only  treat- 
ment which  is  of  any  avail  in  obstinate  cases  is  forcible  tongue- 
traction.  It  is  a  remarkable  fact  that  this  form  of  obstructed 
breathing  under  ether  is  practically  unknown.  I  am  quite  ready 
to  admit  that,  in  the  above  case,  the  condition  would  probably 
have  been  avoided  by  a  more  profound  anaesthesia,  that  is  to  say, 
by  a  more  liberal  use  of  chloroform. 

Illustrative  Case,  No.  30. — M.,  set.  about  40.  Bloated,  flabby,  and 
very  alcoholic.  Short  stature,  short  neck,  large  abdomen.  Extremely 
nervous  and  tremulous.  The  lower  jaw  embedded,  as  it  were,  in  thick 
flabby  tissues,  the  patient  having  a  '  double  chin.'  Good  teeth.  Opera- 
tion, removal  of  small  tumour  in  mammary  region.  Decided  to  admin- 
ister ether  preceded  by  a  small  quantity  of  the  A.  C.  E.  mixture.  (See 
p.  256.)  A.  C.  E.  given  gradually  on  Rendle's  mask.  Respiration 
good.  No  struggling.  Some  rigidity  coming  on,  Ormsby's  inhaler 
charged  with 'pure  methylated  ether '  was  applied  gradually.  Respi- 
ration at  first  fairly  free,  but  in  a  short  time  some  spasm  about  the 
jaws  came  on,  and  rather  suddenly  drew  the  head  somewhat  forwards 
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so  that  the  chin  approached  the  sternum.  This  at  once  stopped  breath- 
ing. Could  not  press  jaw  forwards  from  behind  owing  to  thick  neck  : 
and  forcible  extension  of  the  head  and  neck  equally  impossible  because 
of  extreme  muscular  rigidity.  Mouth  opened  :  Mason's  gag  introduced  : 
and  forcible  tongue  traction  made.  Respiration  at  once  became  re- 
established, and  normal  colour  of  face  returned.  No  further  difficulty 
beyond  that  great  care  had  to  be  exercised  to  keep  an  air- way  open. 

The  above  case  illustrates  the  difficulties  which  may  arise  in 
anaesthetising  a  patient  of  the  type  described,  and  the  manner 
in  which  such  difficulties  should  be  treated.  No  matter  what 
anaesthetic  be  chosen,  fat  and  flabby  subjects,  presenting  the  ap- 
pearance I  have  attempted  to  portray,  will  always  be  liable  to 
give  trouble  to  the  anaesthetist  during  the  stage  of  muscular 
spasm.  The  sudden  arrest  of  breathing  (before  the  patient  was 
really  properly  anaesthetised)  was  doubtless  due  to  spasm  of  some 
of  the  neck  and  jaw  muscles,  such  as  the  sterno-mastoid,  mylo- 
hyoid, &c,  the  contraction  of  which  suddenly  brought  the  head 
forwards  and  the  chin  downwards,  thus  throwing  the  base  of  the 
tongue  against  the  pharyngeal  wall.  In  patients  of  a  different 
type  to  that  described,  the  obstructed  breathing  may  at  once  be 
corrected  by  the  procedure  figured  on  p.  291,  by  pulling  the  chin 
away  from  the  sternum,  or  by  extending  the  head  and  neck. 
But  in  certain  individuals  neither  of  these  procedures  may  be 
possible,  and  tongue  traction  will  hence  become  necessary. 

Illustrative  Case,  No.  31.1— M.,  set.  35.  Middle  height :  well 
nourished  :  rather  florid.  Present  general  condition  good,  but  has  had 
many  rheumatic  attacks  which  have  left  him  with  articular  disease 
and  stiffness  in  many  parts  of  body.  Neck  rigid.  Can  only  open 
mouth  about  one  quarter  of  normal  extent  owing  to  chronic  rheuma- 
toid disease  of  articidations  of  jaw.  Nitrous  oxide  administered  for 
tooth  extraction.  Usual  method  adopted.  Small  mouth-prop  inserted 
before  face-piece  applied.  The  usual  phenomena  of  nitrous  oxide 
narcosis  presented  themselves.  Tooth  extracted.  The  nitrous  oxide 
had  been  pushed  till  respiration  underwent  the  characteristic  change 
in  rhythm  ;  but  the  admission  of  air  which  followed  the  removal  of 
the  face-piece  failed  to  restore  the  rhythm  of  breathing.  Instead  of 
respiration  becoming  re-established  and  the  normal  colour  returning, 
breathing  became  more  difficult  and  quickly  ceased  as  if  from  some 
obstruction.  It  was  impossible  to  push  the  lower  jaw  forwards  be- 
cause of  its  fixity,  or  to  extend  the  head  and  neck  owing  to  the  rigid 
and  ankylosed  spine.  The  finger  could  not  be  passed  to  the  back  of 
the  throat  by  reason  of  the  small  aperture  between  the  teeth.  Tongue 
traction  was  at  once  made,  but  failed  to  restore  breathing.  Compres- 
sion of  the  thoracic  walls  was  equally  unsuccessful.  The  patient  was 
placed  upon  the  floor  and  forcible  pressure  was  brought  to  bear  on  the 


1  I  published  this  case  in  detail  in  the  Journ.  Brit.  Bent.  A  ssociation  for 
1888,  vol.  ix.  p.  222. 
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sternum,  but  the  thorax  was  immovable.  The  face  was  cyanosed  and 
bloated,  the  lips  purple,  the  whole  body  rigid,  the  chest  motionless 
and  fixed.  Breathing  had  been  suspended  for  about  2  or  l\  minuteB, 
according  to  my  reckoning  ;  but  it  is  difficult  to  speak  positively  on 
this  point.  It  was  obvious  that  the  only  remedy  left  was  laryngotomy. 
Having  my  tracheotomy  instruments  with  me  I  rapidly  opened  the 
crico-tnyroid  membrane  with  a  pocket-knife  and  inserted  a  tube. 
Breathing  at  once  recommenced.  The  patient,  made  an  uninterrupted 
recovery. 

I  have  introduced  the  above  case  as  it  is  of  considerable  in- 
terest. The  obstruction  to  breathing  was  almost  certainly  at  the 
superior  aperture  of  the  larynx.  As  has  been  shown  (p.  104), 
when  nitrous  oxide  is  administered  to  its  full  extent,  the  larynx  is 
often  drawn  up,  as  in  deglutition,  to  meet  the  epiglottis.  Should 
the  temporary  obstruction  thus  brought  about  not  pass  off  spon- 
taneously, as  it  usually  does,  all  that  is  necessary  in  ordinary 
cases  is  to  push  the  lower  jaw  well  forwards  from  behind,  which 
brings  the  epiglottis  away  from  the  larynx  and  restores  breath- 
ing. But  in  this  remarkable  case  this  manoeuvre  was  impossible, 
owing  to  the  almost  complete  fixity  of  the  jaw.  Traction  upon 
the  tongue  was  equally  unsuccessful ;  for,  as  we  have  seen,  the 
epiglottis  cannot  be  moved  in  the  slightest  degree  by  pulling  the 
tongue  forwards.  The  narrow  space  between  the  upper  and 
lower  teeth  prevented  the  finger  from  being  introduced  with  the 
object  of  removing  the  epiglottis.  And,  lastly,  the  cervical  spine 
being  ankylosed,  the  head  could  not  be  extended.  Had  it  been 
possible  to  completely  extend  the  head  and  neck,  the  obstruction 
would  probably  have  been  overcome.  Laryngotomy  was  fortu- 
nately successful  in  rescuing  the  patient  from  imminent  death. 

B.  ADVENTITIOUS  SUBSTANCES  WITHIN  THE 
AIR-PASSAGES 

There  are  numerous  adventitious  substances,  both  liquid  and 
solid,  which  may  find  their  way  into  the  air-passages  during 
anaesthesia  and  give  rise  to  respiratory  difficulties.  Amongst 
them  may  be  mentioned  :  — 

1.  Blood. 

2.  Vomited  matters. 

3.  Mucus. 

4.  Pus. 

5.  Portions  of  morbid  growths. 

6.  Extracted  teeth,  fragments  of  teeth,  or  stoppings. 

7.  Artificial  dentures  and  pivoted  teeth. 

8.  Portions  of,  or  entire  mouth- props  or  corks. 
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9.  Portions  of  instruments  used  in  laryngeal,  dental,  or  similar 
operations. 

10.  Pieces  of  sponge  not  firmly  secured  upon  holders. 

11.  A  'quid'  of  tobacco  1  which  was  present  in  the  mouth  before 
the  administration  has  also  been  known  to  cause  asphyxial  symp- 
toms during  anaesthesia. 

Blood. — The  cases  in  which  blood  is  liable  to  obstruct  respira- 
tion have  already  been  considered  (p.  36).  It  is  only  necessary 
to  add.  in  this  connection,  that  epistaxis  2  may  arise  during  the 
use  of  anaesthetics,  and  even  haemoptysis  has  been  known  ;  but 
such  complications  are  of  great  rarity.  Blood  may  cause  obstruc- 
tion to  breathing  at  any  part  of  the  air-tract,  from  the  nasal  or 
oral  cavities  to  the  smaller  bronchi.  The  symptoms  of  the  patient 
will  necessarily  vary  with  his  position  during  the  accumulation  of 
the  blood,  the  quantity  of  blood  present,  and  the  depth  of  anaes- 
thesia. As  already  indicated,  blood  may  be  present,  and  to  a 
considerable  degree,  in  and  below  the  larynx,  with  but  few  symp- 
toms. When  the  anaesthetic  is  withdrawn,  coughing  usually 
dislodges  the  blood,  which  is  either  swallowed  or  forcibly  ejected 
from  the  mouth,  and  no  further  trouble  occurs.  A  sudden  rush 
of  a  large  quantity  of  blood  into  the  larynx,  however,  during  a 
deep  inspiration,  would  quickly  bring  respiration  to  a  standstill, 
the  fluid  finding  its  way  into  the  larynx,  trachea,  and  possibly 
the  bronchi  This,  however,  is  a  rare  contingency.  More  gene- 
rally the  larynx  and  trachea  become  increasingly  obstructed  by 
blood  and  blood-clot,  and  the  air-way  narrowed ;  and  it  is  at  this 
stage  that  the  patient's  condition  attracts  attention  and  demands 
treatment.  In  other  cases  blood  finds  its  way,  in  small  quantities 
at  a  time,  into  the  trachea,  and  thence  into  the  larger  and  smaller 
bronchi,  being  sucked  down  from  above  by  the  inspiratory  move- 
ments of  the  patient. 

As  already  pointed  out  (p.  36),  preventive  measures  are  the 
best  in  the  treatment  of  these  difficulties.  It  has  been  shown 
that  the  patient's  head  should  be  kept,  as  far  as  is  possible,  in 
that  position  which  is  most  favourable  to  the  escape  of  blood  : 
that  too  deep  an  anaesthesia  should  be  avoided  :  and  that  the 
pharynx  should  be  well  sponged  out  as  occasion  may  require. 

1  Fischer,  Deutsche  Zeitsch.  f.  Chir.,  Bd.  xv.  188. 

2  I  have  met  with  one  case  of  epistaxis  under  ether,  in  a  young  man  of 
about  24.  In  Dr.  Sheppard's  notes  I  find  another  case  recorded  in  which  epis- 
taxis occurred  under  chloroform.  In  the  latter  case  the  patient  was  a  man  of 
62,  and  the  epistaxis  came  on  after  struggling.  A  moist  rale  in  the  trachea  was 
the  first  indication  of  the  bleeding.  On  looking  into  the  mouth  a  good  deal  of 
clotted  blood  was  discovered.  Haemoptysis  is  very  rare.  I  have  never  met 
with  it,  though  I  know  of  one  case  in  which  it  occurred,  to  a  slight  extent, 
under  ether. 


298         W.KSTIIETICS  AND  THEIR  ADMINISTRATION. 


Should  these  precautionary  measures  be  not  adopted — and  it  is 
not  always  easy  or  possible  to  adopt  them — signs  of  obstructed 
respiration  will  probably  assert  themselves.    The  colour  will  grow 
more  and  more  dusky,  the  breathing  laboured  and  stridulous,  a 
characteristic  bubbling  sound  will  be  heard  in  the  larynx  or 
trachea,  and  unless  proper  steps  be  taken  respiration  may  cease. 
When  such  symptoms  appear,  the  anaesthetic  should  be  withheld  ; 
the  patient  turned  upon  his  side ;  the  pharynx  sponged  out  by 
frequent  sweeps  of  a  sponge  over  the  aperture  of  the  larynx ;  and 
the  tongue  should  be  drawn  well  forwards.    Should  breathing 
threaten  to  cease,  or  actually  come  to  a  standstill,  the  chest 
should  be  forcibly  compressed.    This  compression  will  often  force 
out  blood  from  the  larynx,  and  cause  the  symptoms  to  subside. 
Sponging  should  not  be  omitted,  as  the  sponge  will  sometimes 
entangle  a  long  laryngeal  clot  in  its  meshes.    If  these  means  fail, 
systematic  artificial  respiration,  by  Silvester's  plan,  should  be 
tried ;  and,  provided  that  the  artificial  movements  drive  air  past 
the  obstruction,  the  procedure  should  be  continued.    In  cases 
which  fail  to  quickly  respond  to  artificial  respiration,  laryngo- 
tomy  must  be  promptly  performed  ;  the  end  of  the  bed  or  operat- 
ing-table raised  to  facilitate  the  escape  of  blood  from  the  trachea 
or  bronchi,  and,  after  a  preliminary  compression  of  the  chest  walls, 
artificial  respiration  commenced.    If  air  still  fail  to  enter  the 
chest  a  catheter  should  be  introduced,  and  any  blood  sucked  away. 
In  very  exceptional  cases  (vide  infra),  artificial  respiration  may 
fail  to  give  relief,  even  though  there  is  a  free  air-way  from  the 
laryngeal  opening  to  the  lungs.    In  such  cases  the  indication 
appears  to  be  forcible  inflation  of  the  chest.    If  a  cylinder  of 
oxygen  with  an  india-rubber  bag  and  tube  is  at  hand,  a  catheter 
should  be  connected  to  the  last-named,  and  an  attempt  made  to 
inflate  the  lungs.    Or  if  an  ordinary  pair  of  bellows  be  available 
an  attempt  may  be  made  to  drive  air  into  the  chest.1 

Vomited  Matters. — Numerous  cases  are  on  record  in  which, 
during  anaesthesia,  vomited  matters  have  been  drawn  into  the 
larynx  and  trachea  by  an  inspiration  on  the  part  of  the  patient, 
and  have  thus  caused  fatal  asphyxia.2    As  we  have  already  seen, 

1  For  Illustrative  Cases  see  Brit.  Med.  Journ.,  Feb.  24,  1883,  p.  352  (two 
fatal  cases  recorded).  Also  Lancet,  Aug.  27,  1881,  p.  386.  Also  Brit.  Med. 
Journ.,  Sept.  16,  1882,  p.  531  ;  and  Lancet,  Sept.  30,  1882,  p.  540. 

2  Of  the  101  chloroform  fatalities  reported  by  Kappeler  two  were  due  to  this 
cause.  For  Illustrative  Cases  see  Lancet,  Sept.  30,  1871,  and  Brit.  Med.  Journ., 
same  date  ;  Edin.  Med.  Journ.,  vol.  viii.  ;  two  cases  reported  by  Socin  in  the 
Tageblutt  dcr  Katurforschcrvcrsannlung,  1879,  No.  7  ;  New  York  Med,  Journ.. 
Oct.  20,  1883,  p.  448  (two  cases  referred  to)  ;  Lancet,  Oct.  3,  1874,  p.  504; 
Brit.  Med.  Journ.,  Sept.  16,  1876,  p.  381  ;  Brit.  Med.  Journ.,  Feb.  24,  1883, 
p.  351  ;  Brit.  Med.  Journ.,  Sept.  3.  1881,  p.  414-  A  case  is  also  referred  to 
by  Dr.  Jacob  in  the  Brit.  Med.  Journ.,  Feb.  23,  18S4,  p.  351. 
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vomiting  is  of  very  common  occurrence  with  most  anaesthetics  ; 
and  should  the  stomach  contain  undigested  solid  food  there  is 
always  some  risk  connected  with  the  expulsion  of  the  contents  of 
this  organ.  A  proper  regulation  of  the  diet  is  not  always  possible, 
and  there  are,  moreover,  certain  cases,  e.g.,  those  of  intestinal 
obstruction,  in  which  vomiting  is  a  feature  of  the  malady  which 
necessitates  operation.  In  such  cases  every  care  must  be  exer- 
cised by  the  administrator.  The  head  should  never  be  permitted 
to  pass  into  the  mid  dine  ;  it  should  be  kept  upon  its  side  through- 
out. A  little  mouth-prop  may  with  advantage  be  placed  between 
the  teeth,  in  order  to  allow  of  a  free  egress  for  the  vomited  matters 
when  emesis  takes  place.  The  closure  of  the  jaws  which  would 
otherwise  occur,  and  which  might  be  the  source  of  trouble,  will 
thus  be  prevented.  Directly  vomiting  comes  on,  it  is  a  good 
plan  to  partially  or  completely  turn  the  patient  upon  his  side. 
Should  any  difficulty  arise,  the  mouth  may  be  opened,  and  the 
finger  passed  to  the  back  of  the  throat  to  clear  away  any  obstruct- 
ing material.  Large  solid  portions  of  meat,  vegetables,  &c,  may 
be  thus  removed.  Should  the  finger  be  able  only  to  touch  the 
intruding  substance,  a  pair  of  curved  forceps  may  be  used  with 
advantage.  Sponging  should  only  be  resorted  to  in  the  absence 
of  solid  material.  If  the  breathing  become  seriously  impeded, 
and  if  the  above  measures  fail  to  restore  it,  an  attempt  should  be 
made  by  compressing  the  sides  and  front  of  the  chest,  to  force 
out  air  past  the  obstruction.  If,  however,  artificial  respiration 
should  fail,  laryngotomy  must  be  resorted  to. 

Mucus. — Mucus,  even  though  very  copiously  secreted,  rarely 
gives  rise  to  respiratory  embarrassment.1  All  that  is  necessary 
is  to  sponge  it  away  occasionally  from  the  fauces,  and  to  keep 
the  head  on  the  side.  Should  the  patient  commence  to  show 
signs  of  impeded  breathing  the  anaesthetic  should  be  withheld  ; 
and  as  the  power  of  swallowing  and  coughing  l-eturns  all  diffi- 
culties will  subside. 

Pus. — There  is  nothing  worthy  of  special  notice  regarding  the 
presence  of  pus  within  the  upper  air-passages.  It  may  gain 
access  in  various  ways ;  and  any  difficulties  connected  with  its 
presence  must  be  treated  as  described  above. 

Portions  of  Morbid  Growths,  Pieces  of  Necrosed  Bone,  &c. — 
These  may  become  dislodged  during  certain  operations  within 
the  nose,  mouth,  naso-pharynx,  and  larynx,  and  may  obstruct 

1  In  the  Brit.  Med.  Journ.,  Nov.  18,  1882,  p.  994,  a  case  is  reported  in 
which  a  child  of  17  months  died  under  chloroform.  At  the  autopsy  large 
quantities  of  mucus  were  found  at  and  below  the  bifurcation  of  the  trachea. 
It  is  questionable,  however,  whether  this  condition  was  really  the  cause  of 
death. 
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breathing;  hut  (here  is  nothing  worthy  of  special  reference 
concerning  the  symptoms  which  would  result. 

Extracted  Teeth,  Fragments  of  Teeth,  and  Amalgam 

Or  Other  Stoppings.— These  are  liable,  during  dental  extrac- 
tions, to  fall  or  fly  from  the  forceps  of  the  operator.  Bicuspid 
teeth  are  particularly  prone  to  shoot  from  the  forceps  whilst 
being  extracted.  In  most  cases  no  harm  results  from  the  escape 
of  such  substances  either  into  the  mouth  or  throat.  But  there 
is  nevertheless  need  for  the  greatest  caution  during  the  use  of 
anaesthetics  in  dental  surgery,  seeing  that  several  cases  are  on 
record  in  which  alarming  and  even  fatal  symptoms  have  arisen 
from  the  entrance  of  foreign  bodies  of  this  class  into  the  larynx 
or  trachea.  The  accident  seems  to  have  taken  place,  in  most 
cases,  during  a  deep  inspiration.  The  head  of  the  patient  should 
be  arranged  as  vertically  as  the  nature  of  the  operation  and  the 
requirements  of  the  operator  will  permit ;  for  when  the  head  is 
thus  placed,  all  substances  which  may  escape  from  the  forceps  will 
tend  to  gravitate  towards  the  tongue  or  floor  of  the  mouth,  from 
which  situations  they  may  be  immediately  removed.  It  is  true 
that,  should  any  tooth  or  fragment  of  tooth  find  its  way  into  the 
pharynx,  there  will  be  a  somewhat  greater  chance  of  its  entering 
the  larynx  when  the  head  is  vertically  placed  than  when  it  is 
thrown  well  backwards.  In  the  last-named  position  any  loose 
substance  would  tend  rather  to  enter  the  pharynx  and  to  be 
swallowed  than  to  find  its  way  through  the  rima  glottidis.  But 
as  the  chances  of  loose  teeth,  &c,  finding  their  way  to  the  back 
of  the  throat  are  very  largely  reduced  by  keeping  the  patient's 
head  more  or  less  vertical  in  the  chair,  this  position  is  probably 
the  best.  If  a  tooth,  stump,  or  fragment  should  escape  into  the 
pharynx,  and  if  it  should  not  be  immediately  swallowed,  it  may 
remain  for  a  considerable  time  in  the  epiglottic  region,  and  may 
ultimately  pass  into  the  oesophagus  or  be  forced  away  by  coughing. 
Shell-like  fragments  of  teeth  are  more  prone  than  weightier  bodies 
to  enter  the  larynx,  owing  to  their  being  more  easily  swept  along 
by  the  inspiratory  curi'ent.  Should  any  of  the  foreign  substances 
under  consideration  gain  access  to  the  larynx  or  trachea  during 
anaesthesia,  some  symptoms  will,  in  all  probability,  occur  at  the 
time  of  entry.  Generally  speaking,  coughing  of  a  spasmodic 
character  is  excited  ;  and  this  may  at  once  dislodge  the  substance. 
Sometimes  the  coughing  is  so  slight  as  to  escape  notice.  In  other 
cases  the  foreign  body  lodges  in  the  larynx  and  sets  up  urgent 
symptoms,  such  as  stridor,  cyanosis,  and  complete  cessation  of 
breathing.1 

1  In  a  case  reported  by  Mr.  Claremont  in  1858  (Lancet,  May  15,  1858,  p. 
477),  some  fragments  of  teeth  entered  the  larynx  during  chloroform  antes- 
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During  the  extraction  of  teeth  under  anaesthetics  the  operator 
should  be  most  careful  to  leave  nothing  whatever  loose  in  the 
mouth.  He  should  remove  each  tooth  or  stump  as  it  is  extracted, 
and  should  see  that  there  is  nothing  hanging  to  the  forceps  when 
that  instrument  is  re-introduced.  When  several  upper  roots 
have  to  be  extracted,  the  plan  of  protecting  the  back  of  the 
throat  with  the  corner  of  a  cloth  is  an  excellent  one,  and  should 
certainly  be  more  widely  adopted  than  it  is  at  present.  The 
advantages  of  a  more  or  less  vertical  position  of  the  head  have 
been  referred  to  above.  Although  the  avoidance  of  accidents  of 
this  kind  should  rest  with  the  operator,  the  administrator  may 
often  assist  the  latter.  Thus  it  is  possible  for  the  administrator 
to  place  a  finger  across  the  back  of  the  mouth  between  the  tongue 
and  palate  ;  or  to  press  the  tongue  against  the  palate  and  so  shut 
off  the  oral  cavity  from  the  pharynx.  The  use  of  the  oral  net- 
spoon  has  already  been  mentioned  (p.  86). 

Should  symptoms  pointing  to  the  entrance  of  a  foreign  body, 
such  as  a  stray  tooth,  into  the  larynx  manifest  themselves,  the 
patient  should  be  bent  forwards  in  the  operating-chair,  and  his 
behaviour  narrowly  watched.  The  spasmodic  cough  and  other 
symptoms  may  now  quickly  subside,  the  foreign  body  being  either 
coughed  into  the  mouth,  swallowed,  or  so  placed  in  the  air- 
passages  that  for  a  while  it  sets  up  very  few  symptoms.  Should 
coughing,  duskiness,  and  difficulty  of  breathing  continue,  the 
back  may  be  smartly  slapped,  whilst  the  patient  is  bending 
forwards.  Should  this  not  succeed,  the  patient  may  be  turned  on 
his  side  with  the  object  of  facilitating  the  exit  of  the  substance. 
Failing  this,  inversion  should  be  adopted.  This  last  named 
procedure,  although  open  to  the  objection  that  it  may  cause 
the  foreign  body  to  be  coughed  into  the  larynx,  where  it  may 

thesia.  When  the  patient  became  conscious,  after  the  operation  was  over, 
coughing  occurred,  and  a  complaint  was  made  of  some  soreness  about  the 
chest.  There  were,  however,  at  the  time,  no  distinct  symptoms  of  the  pre- 
sence of  the  fragments.  General  bronchitis  followed.  Subsequently  the 
fragments  were  coughed  up  from  the  lungs  and  the  patient  made  a  good 
recovery. 

A  case  is  also  mentioned  in  the  Dublin  Med.  and  Chcm.  Journ.  for  1834, 
in  which  "the  root  and  fangs  of  a  lower  molar"  entered  the  right  bronchus 
during  extraction.    Death  supervened  in  eleven  days. 

Another  case  is  quoted  in  the  Edin.  Journ.  for  1834,  in  which  an  entire 
lower  molar  entered  the  lung.  It  was  coughed  up  on  the  eleventh  day,  and 
the  patient  recovered. 

In  the  Brit.  Journ.  Dent.  Science,  vol.  xxii.,  Jan.  1879,  p.  7,  a  case  is  related 
in  which  a  large  amalgam  stopping  shot  from  a  tooth  during  extraction  under 
nitrous  oxide,  and  presumably  entered  the  larynx.  Fortunately  the  patieut 
coughed  it  out  immediately  after  the  effects  of  the  anesthetic  had  passed  off. 

See  also  New  York  Med.  Record,  Nov.  4,  1882,  p.  517.  Also  Trans.  Odont. 
Soc.,  vol.  iii.,  new  series,  p.  36. 
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induce  spasm,  has  answered  in  several  cases,  and  should  certainly 
be  tried  if  the  symptoms  are  of  sufficient  urgency.  Should  signs 
of  laryngeal  spasm  (high-pitched  stridulous  breathing,  deep  cya- 
nosis, embarrassed  and  ultimately  suspended  breathing)  supervene, 
no  time  should  be  lost  in  opening  the  larynx  at  the  crico-thyroid 
space,  and,  if  necessary,  performing  artificial  respiration  through 
the  opening  thus  made. 

Other  Substances. — The  other  substances  on  the  list,  viz.. 
artificial  dentures  and  pivoted  teeth,  portions  of  or  entire  mouth- 
props  or  corks,  portions  of  instruments  used  in  laryngeal,  dental, 
or  similar  operations,  pieces  of  sponge,  &c,  if  by  chance  they 
should  gain  access  to  or  become  impacted  in  the  larynx,  will 
set  up  symptoms  of  an  asphyxial  character  which  require  very 
prompt  measures.  An  interesting,  though  unfortunately  fatal 
case,1  in  which  an  artificial  denture  became  impacted  in  the 
larynx,  occurred  in  1872,  and  is  well  worthy  of  notice.  An 
unattached  mouth-cork  has  been  known  to  slip  from  between  the 
teeth  and  asphyxiate  a  patient  under  nitrous  oxide.2  The  spring 
of  a  Buck's  gag  has  also  been  known  to  enter  the  larynx  and 
eventually  lead  to  a  fatal  result.  These  facts  should  teach  us 
how  necessary  it  is  to  see  that  all  dental  mouth-gags  are  finnly 
secured  by  string  or  whip-cord  ;  and  also  that  all  spring-gags 
should  be  avoided  in  dental  surgery  (see  p.  85).3 

Section  II. 

THREATENED  OR  COMPLETE  FAILURE  OF  RESPIRATION  OCCURRING 
INDEPENDENTLY  OF  ANY  MECHANICAL  OBSTRUCTION. 

Before  discussing  the  management  and  treatment  of  this  form 
of  respiratory  failure  it  is  desirable  to  briefly  summarise  what 
has  already  been  said  as  to  its  causation. 

General   Summary. — Threatened  or  complete  failure  of 

1  See  Brit.  Med.  Journ.,  vol.  i.  1872,  p.  419. 

3  See  Med.  and  Surg.  Reporter,  1867,  and  also  Agnew's  Prin.  and  Prac.  of 
Surgery,  vol.  iii.  p.  44. 

3  A  very  interesting  and  instructive  case,  in  which  the  broken  blade  of  a 
pair  of  extraction  forceps  entered  the  larynx,  is  reported  by  Sir  William 
MacCormac  (see  Lancet,  Jan.  2,  1886).  The  patient  was  lying  in  the  semi- 
recumbent  posture  on  a  couch  with  the  head  raised  by  pillows.  Chloroform 
was  given.  The  broken  blade  entered  the  larynx  during  two  or  three  deep 
inspirations.  A  violent  fit  of  spasmodic  coughing  immediately  took  place. 
The  patient  became  livid  and  much  distressed.  Subsequently  dyspnoea,  cough, 
and  pain  were  complained  of,  and  Sir  William  MacCormac,  by  a  most  skilfully 
planned  operation,  removed  the  foreign  body,  through  a  tracheal  opening,  from 
the  right  bronchus. 
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breathing  of  a  non-obstructive  character  may  occur  under  all 
anaesthetics.  "We  have  seen  that  it  may  arise  in  the  following 
ways : — 

(1.)  From  an  Over-dose  of  the  Agent  Employed. — This  action 
of  the  anaesthetic  upon  the  nervous  mechanism  of  respiration  has 
been  already  considered  in  previous  pages  ;  and  as  special  de- 
scriptions have  been  given  of  the  symptoms  which  characterise 
an  over-dose  of  each  agent,  it  is  unnecessary  to  give  any  illus- 
trative cases  of  this  variety  of  respiratory  failure. 

(2.)  From  Intercurrent  Asphyxia. — Cases  occasionally  occur 
in  which  some  intercurrent  asphyxial  condition  appears  to  be  the 
principal  if  not  the  sole  cause  of  the  failure  of  breathing. 

(3.)  From  Morbid  States  of  the  Eespiratory  Mechanism. — 
Affections  of  the  lungs,  bronchi,  pleura?,  chest  walls,  and  abdomen 
may  predispose  to,  or  be  the  immediate  cause  of,  the  suspended 
breathing. 

(4.)  From  Syncope. — Respiration  may  become  arrested  in  the 
course  of  syncope  from  various  causes,  the  respiratory  centre  pro- 
bably failing  by  reason  of  anaemia. 

(5.)  From  Direct  Irritation  of  the  Vagus  (?) — A  case  in  which 
this  was  the  probable  cause  is  given  on  p.  304. 

As  already  indicated  (Part  II.  Chap.  VIII.  p.  304),  the  prelimi- 
nary administration  of  morphine  before  an  anaesthetic  may  favour 
the  occurrence  of  non-obstructive  respiratory  arrest. 

In  most  cases  respiratory  failure  of  this  kind  comes  about  more 
or  less  gradually.  The  breathing  grows  shallower  and  shallower 
till  it  ceases  altogether ;  or  the  standstill  is  preceded  by  irregular 
jerks  and  inspiratory  catches.  In  very  rare  cases  the  arrest  takes 
place  with  unexpected  suddenness.  Speaking  clinically,  non- 
obstructive cessation  of  breathing  appears  to  have,  as  its  imme- 
diate cause,  a  sheer  inability  of  the  nervous  mechanism  to  carry 
on  respiratory  movements.  In  such  cases  artificial  respiration 
will  be  found  easy  of  application,  and,  if  commenced  soon  enough, 
remarkably  successful.  In  other  cases,  however,  a  totally  different 
state  of  things  exists,  for  the  cessation  of  breathing  takes  place, 
not  from  muscular  paralysis  but  from  muscular  spasm,  the  chest 
being  rigid  and  fixed  (see  p.  160).  In  these  latter  cases  the 
greatest  difficulty  may  be  experienced  in  restoring  breathing  by 
artificial  means. 

Shallow  and  almost  imperceptible  respiration  does  not  of  itself 
necessarily  imply  that  danger  is  present.  Other  signs  must  be 
consulted.  So  long  as  the  normal  colour  of  the  face  and  ears  is 
not  materially  altered,  so  long  as  the  pulse  is  not  markedly 
affected,  and  so  long  as  the  conjunctiva  is  distinctly  sensitive  to 
touch,  feebleness  of  breathing  means  very  little.    For  example, 
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it  is  the  rule  rather  than  the  exception,  after  the  withdrawal  of 
ether  or  chloroform,  for  the  respiration  to  become  so  tranquil 
that  it  can  hardly  be  detected ;  and  the  same  condition  may  bo 
met  with  during  the  too  sparing  use  of  these  anaesthetics.  Deeper 
and  audible  breathing  is  to  be  secured  by  more  of  the  agent  in 
use.  But  should  the  feeble  respiration  co-exist  with  a  pallid, 
dusky,  or  cyanotic  complexion,  a  small,  slow,  or  irregular  pulse, 
and  a  totally  insensitive  conjunctiva,  the  anaesthetic  should  be 
withheld,  for  these  signs  collectively  indicate  that  complete  cessa- 
tion of  breathing  is  imminent. 

Treatment  of  Threatened  Arrest  of  Respiration.— 

When  respiration  threatens  to  come  to  a  standstill,  without 
actually  ceasing,  and  the  administrator  feels  certain  that  there 
is  no  mechanical  impediment  within  the  air-passages,  the  follow- 
ing treatment  should  be  adopted.  The  anaesthetic  should  at 
once  be  removed,  and  the  lips  lightly  but  briskly  rubbed  from 
side  to  side  with  a  dry  cloth,  or  the  chest  flicked  with  a  wet 
towel.  Halting  and  feeble  breathing  under  chloroform  may 
usually  be  re-established  by  lip-rubbing,  the  immediate  effect  of 
which  is  often  very  remarkable.  I  have  not  infrequently  seen 
respiration,  colour,  and  pulse  immediately  improve  on  briskly 
rubbing  the  lips,  and  it  is  a  measure  which  should  never  be 
neglected  in  minor  cases  of  difficulty.  Sometimes  breathing  can 
only  be  kept  satisfactorily  proceeding  by  this  little  manoeuvre. 
Should  these  measures  not  succeed,  the  respiration  should  be 
assisted  by  pressing,  with  each  feeble  expiratory  movement,  upon 
the  chest  walls.  Gentle  rhythmic  pressure  upon  the  sternum 
with  one  hand,  or  similar  pressure  upon  the  sides  of  the  chest 
with  both  hands,  should  be  made.  In  one  or  other  of  these  ways 
actual  cessation  of  breathing  may  often  be  averted.  The  sub- 
cutaneous injection  of  strychnine,1  which  Dr.  H.  C.  Wood  found 
to  produce  a  markedly  stimulant  effect  upon  respiration  in  the 
lower  animals,  is  certainly  worthy  of  trial,  should  circumstances 
permit,  when  breathing  thus  gradually  tends  to  come  to  a  stand- 
still. From  3-5  min.  of  the  Liq.  Strychninse  Hydrochloratis 
might  be  given  subcutaneously,  and  soon  repeated  if  necessary. 
The  following  case  illustrates  the  beneficial  effects  of  chest  com- 
pression in  suspended  breathing,  probably  due  to  interference 
with  the  vagus. 

Illustrative  Case,  No.  32. — The  patient  was  a  well-nourished,  florid 
man  of  60,  with  epithelioma  of  the  tongue,  palate,  and  floor  of 

1  Dr.  H.  C.  Wood  has  kindly  sent  me  a  pamphlet  entitled  '  Strychnine  as 
a  Respiratory  Stimulant,'  which  gives  his  experiments  with  this  drug.  In 
one  case  of  opium  poisoning,  seven  injections,  each  of  TVth  gr.  of  sulphate  of 
strychnine  (  =  about  6  min.  of  Liq.  Strychninae  Hydrochloratis)  were  given. 
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mouth.  He  had  had  some  whisky  and  water  ten  minutes  before  the 
administration.  I  placed  him  well  under  ether,  and  then  went  on  with 
chloroform.  Preliminary  laryngotomy  was  performed,  and  Trendelen- 
burg's tampon  introduced.  During  the  exposure  of  the  carotid  artery 
in  the  neck  for  the  purpose  of  placing  a  temporary  ligature  round  it,  the 
respiration  rather  abruptly  ceased.  There  was  no  obstruction.  The  pulse 
was  little  if  at  all  affected.  Eespiration  returned  after  two  or  three  com- 
pressions of  the  chest.  It  again  ceased,  however,  two  minutes  later  ;  but 
again  re-appeared  when  the  chest  was  compressed  as  before.  No  further 
trouble  was  experienced  during  the  removal  of  the  tongue  and  growth. 

The  above  case  is  of  interest  when  read  in  association  with 
Illustrative  Cases,  Nos.  38  and  39,  pp.  318  and  319.  Irritation 
of  the  vagus  was  the  only  cause  which  could  be  suggested  for  the 
respiratory  failure.  The  patient's  circulation  was  at  the  time 
stimulated  not  only  by  alcohol  but  by  ether;  and  respiration 
rather  than  circulation  became  impaired  during  an  operation  in 
the  neighbourhood  of  the  vagus.  In  Illustrative  Cases,  Nos.  38 
and  39,  the  patients  had  not  been  given  alcohol,  nor  had  they  had 
ether  before  chloroform,  and  circulation  rather  than  respiration 
became  enfeebled  during  manipulations  in  the  region  of  the  vagus. 

Treatment  of  Complete  Arrest  of  Respiration.— Should 

the  respiration  actually  cease — and  this  will  be  known  by  the 
absence  of  all  thoracic  and  abdominal  movements,  the  increasing 
duskiness  of  the  face,  and  inability  to  feel  or  hear  the  passage 
of  air  from  the  mouth  or  nose — systematic  artificial  respiration 
should  be  resorted  to  without  a  moment's  delay. 

Silvester's  Method  of  Artificial  Respiration.1 — If  the  patient  be 
lying  lengthwise  upon  a  bed,  he  should  be  rapidly  placed  trans- 
versely, and  his  head  allowed  to  hang  over  the  side.  Should  he 
be  lying  upon  an  operating-table,  similar  extension  of  the  head 
should  be  effected  over  the  end  of  the  table.  If  he  be  in  the 
sitting  posture  at  the  time  of  the  respiratory  failure,  he  should 
be  at  once  placed  on  the  ground  with  his  shoulders  slightly 
raised  and  his  head  extended.  Although  it  is  here  assumed  that 
no  mechanical  impediment  to  breathing  exists,  it  is  best,  as  a 
routine  practice,  to  apply  the  tongue  forceps,  and  to  make  traction 
upon  this  organ  in  order  to  be  quite  sure  that  it  is  not  obstruct- 
ing breathing.  As  is  well  known,  the  respiration  may  become 
obstructed  so  inaudibly  that  an  error  in  the  diagnosis  of  the  kind 
of  respiratory  failure  may  easily  be  committed.  Full  extension 
of  the  head  and  neck,  as  pointed  out  by  Dr.  Howard,2  tends  to 

1  See  '  The  Discovery  of  the  Physiological  Method  of  Inducing  Respiration 
in  Cases  of  Apparent  Death  from  Drowning,  Chloroform,  Still-birth,  Noxious 
Gases,  &c.,'  by  Henry  R.  Silvester,  1863. 

2  See  Lancet,  Oct.  27,  1888,  and  Brit.  Med.  J  own.,  Nov.  7,  1888,  '  On 
Raising  the  Epiglottis.' 
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keep  open  a  free  air-way.    The  administrator  should  stand  behind 
his  patient,  and,  grasping  the  arms  at  the  elbows,  should  press 
them  firmly  and  steadily  against  the  sides  of  the  chest  (Fig.  55). 
In  the  vast  majority  of  cases  this  pressure  will  cause  an  expira- 
tion ;  but  should  it  not  do  so  at  once,  forcible  pressure  below  the 
costal  margins,  and  directly  towards  the  diaphragm,  should  be 
brought  to  bear.    After  the  arms  have  been  steadily  pressed 
against  the  sides  for  about  a  couple  of  seconds,  they  should  be 
brought  deliberately  towards  the  administrator,  so  that  they 
come  into  the  long  axis  of  the  patient's  body,  on  either  side  of 
his  head.    This  procedure  usually  has  the  effect  of  enlarging 
the  capacity  of  the  chest  by  causing  the  pectoral  muscles  to 
raise  the  upper  ribs.    In  this  way  (Fig.   56)  inspiration  is 
effected.    The  arms  should  be  kept  extended  for  about  a  couple 
of  seconds,  after  which  they  should  be  again  brought  to  the 
side  as  in  Fig.  55.    These  expiratory  and  inspiratory  move- 
ments should  be  repeated  regularly  and  steadily  about  fifteen 
times  per  minute,  careful  watch  being  kept  for  any  spontaneous 
respiration.     If  any  signs  of  the  latter  appear,  the  natural 
movements  should  be  supplemented  by  the  artificial,  till  the 
breathing  has  become  thoroughly  re-established.    Care  must  be 
taken  throughout  to  maintain  a  free  air-way,  and  not  to  exert 
undue  and  unnecessary  force  during  expiration.     Ribs  have 
been  fractured ;  and  rupture  of  the  liver  has  actually  occurred 
from  too  roughly  handling  the  patient. 

In  Pacini's  modification  1  of  Silvester's  method,  the  operator, 
having  his  abdomen  against  the  head  of  the  patient,  places  his 
hands  in  the  dorsal  folds  of  the  axillae,  and  pulls  the  shoulders 
towards  him  with  an  upward  movement.  The  shoulders  are  then 
relaxed,  and  the  former  movement  is  repeated. 

There  are  other  methods  of  performing  artificial  respiration ; 
but,  putting  aside  those  in  which  the  chest  is  inflated  by  means 
of  bellows,  they  are  all  inferior  to  Silvester's,  in  that  they  do  not 
provide  for  any  inspiratory  action  beyond  that  resulting  from  the 
elastic  recoil  which  follows  chest  compression. 

Chest  Compression. — Rhythmic  compression  of  the  chest  walls, 
each  compression  being  followed  by  a  removal  of  the  pressure, 
has  already  been  alluded  to  as  of  service  in  threatened  respiratory 
arrest.  As  Sir  B.  Richardson  points  out,2  this  plan  is  particularly 
useful  in  young  subjects,  i.e.,  those  with  elastic  thoracic  parietes. 

1  Introduced  into  England  by  Dr.  Bain.  See  Lo  Sperimentale,  T.  xxxvii. 
1876,  p.  39;  Lancet,  Dec.  19,  1868,  p.  799  ;  Trans.  Roy.  Med.  Chi.  Soc.,  1870, 
vol.  53,  p.  291. 

2  '  Artificial  Respiration  :  The  Theory  and  the  Practice'  (Asclepiad,  1890, 
p.  201). 


HANGERS  CONNECTED  WITH  RESPIEATION. 


309 


Indeed,  in  the  treatment  of  suspended  breathing  in  children,  this 
simple  chest  compression  usually  answers  as  well  as  any  other 
method  of  resuscitation. 

Marshall  Hall's  Method.— In  Marshall  Hall's,  or  the  postural 
'  method,  the  weight  of  the  patient's  trunk  is  utilised  to  effect 
thoracic  compression,  i.e.,  expiration.  The  patient  is  placed  face 
downwards,  his  chest  being  supported  by  a  pillow  or  folded  article 
of  clothing,  and  he  is  then  gently  rolled  on  to  his  side.  These 
procedures  are  repeated  about  fifteen  times  a  minute.  Whilst 
the  patient  is  lying  in  the  prone  position  expiration  is  assisted 
by  making  pressure  upon  the  back. 

Hotoard's  Method. — For  the  performance  of  artificial  respira- 
tion by  Howard's  method,1  the  patient  must  be  so  placed  that  his 
shoulders  are  somewhat  raised,  and  his  head  and  neck  fully  ex- 
tended. His  hands  should  be  loosely  tied  together  and  thrown 
over  his  head.  The  administrator,  who  must  kneel  astride  his 
patient,  should  spread  open  his  hands  so  that  his  thumbs  and 
little  fingers  rest  upon  the  inner  margins  of  the  free  borders  of 
the  costal  cartilages,  the  tips  of  the  thumbs  being  placed  over  the 
ziphoid  cartilage.  Forcible  and  sudden  pressure  is  brought  to 
bear  upwards  and  inwards  towards  the  diaphragm  for  two  or  three 
seconds.  The  pressure  is  then  suddenly  removed,  the  adminis- 
trator resting  for  three  seconds  before  repeating  the  procedure. 
Seven  to  ten  compressions  should  be  made  per  minute. 

Direct  Inflation. — Direct  inflation  of  the  lungs,  by  means  of 
bellows,  was  the  recognised  method  of  performing  artificial  re- 
spiration before  the  plans  above  described  were  known  to  the 
profession.  Amongst  those  who  have  invented  and  used  spe- 
cially constructed  bellows  for  lung-inflation  may  be  mentioned 
John  Hunter,2  Sibson,3  Plouviez,4  Marcet,5  Richardson,  and  Fell.6 
When  the  simpler  and  handier  methods  of  Marshall  Hall  and 
Silvester  began  to  find  favour,  direct  inflation  of  the  lungs  fell 
into  disuse ;  and  at  the  present  time  it  is  rarely  if  ever  employed. 
As  already  indicated,  however  (p.  160),  cases  occasionally  occur  in 
which  the  chest  is  found  to  be  so  rigidly  fixed  that  the  measures 
which  have  been  discussed  in  the  preceding  paragraphs,  even 
though  skilfully  applied,  completely  fail  to  effect  an  entry  and 
exit  of  air ;  and  it  is  in  such  cases  as  these  that  what  has  been 

1  See  Lancet,  Aug.  11,  1877;  Lancet,  May  25,  1878,  p.  748  ;  Lancet,  Nov.  1, 
1879,  P-  659. 

2  Asclepiad,  1890,  p.  201,  et  seq. 

3  Silvester,  op.  cit. 

4  Kappeler,  op.  cit. 

5  Proc.  Roy.  Med.  CMr.  Soc,  vol.  iv.,  1861-64,  P-  45- 

8  Brit.  Med.  Jonrn.,  March  1,  1890,  p.  495  ;  Brit.  Med.  Journ.,  Aug.  16, 
1890,  p.  384. 
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termed  '  forced  artificial  respiration '  probably  holds  out  the  best 
chances  of  success.  But  we  must  not  speak  too  positively  as  to 
the  treatment  of  a  condition  the  nature  of  which  has  yet  to  be  fully 
investigated.  A  rigid  state  of  the  chest  is  more  particularly 
prone  to  occur  in  patients  with  emphysema  and  other  chest  affec- 
tions, and  there  can  be  no  doubt  that  when  such  a  state  does 
arise  the  patient  is  placed  in  imminent  danger.  It  is  hence  a 
matter  of  the  greatest  importance  that  recognised  lines  of  treat- 
ment for  such  a  condition  should  be  worked  out,  and  it  is  to  be 
hoped  that  further  attention  will  be  paid  to  the  matter.  Respira- 
tory failure  occurring  in  a  patient  with  a  yielding  and  resilient 
chest  is  comparatively  easy  to  treat.  But  what  treatment  should 
be  adopted  when  the  chest  fails  to  yield  to  compression,  and  to 
enlarge  in  response  to  arm-extension  ?  As  before  mentioned,  I 
have  seen  two  striking  instances  of  this  condition,  and  one  other 
has  been  published  by  Sir  Joseph  Lister.  It  is,  indeed,  probable 
that  the  state  is  more  common  than  is  usually  imagined,  and  that 
some  chloroform  fatalities  have  arisen  in  consequence  of  the  failure 
of  ordinary  methods  of  artificial  respiration.  Everything  seems 
to  point  to  lung-inflation  as  an  appropriate  remedy  in  the  class 
of  cases  under  consideration.  But  the  question  which  presents 
itself  is  :  How  may  lung-inflation  be  successfully  carried  out  1 
From  the  descriptions  which  are  to  be  found  in  articles  upon  the 
subject  one  would  gather  that,  with  an  ordinary  pair  of  bellows 
at  hand,  this  procedure  is  one  of  extreme  simplicity.  But  this 
is  certainly  not  the  case,  at  all  events  when  applied  to  patients 
whose  breathing  has  ceased  during  anaesthesia.  In  the  first  place, 
it  does  not  follow,  when  pumping  air  by  means  of  bellows  into  an 
accurately  fitting  mask  covering  the  face  and  nose,  or  into  one 
nostril  whilst  the  other  nostril  and  the  mouth  are  kept  closed, 
that  the  lungs  will  be  inflated  ;  for  the  air- way  is  very  likely  to  be 
mechanically  obstructed  at  the  time,  and  one  of  the  chief  causes 
of  obstruction,  viz.,  the  tongue,  cannot  for  obvious  reasons  be 
kept  out  of  the  way.  In  the  next  place,  even  supposing  that  we 
recognise  this  difficulty,  and  pass  a  tube  directly  into  the  larynx, 
which  in  itself  is  not  always  an  easy  matter,  we  may  not  be  able 
to  thoroughly  distend  the  lungs  owing  to  leakage  by  the  side  of 
the  tube.1  The  fact  is  that '  forced  artificial  respiration,'  although 
easy  enough  of  application 2  in  the  physiological  laboratory,  or 
upon  the  cadaver,  is  not  devoid  of  difficulty  when  applied  by  the 
nose  or  mouth  to  the  patient  whose  breathing  has  become  arrested 

1  Marcet,  op.  cit. 

2  Bickersteth  is  stated  by  Kappeler  to  have  used  bellows  attached  to  a 
tracheotomy  tube,  and  Dr.  George  E.  Fell  has  in  later  years  also  adopted  this 
method  of  lung-inflation. 
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during  anaesthesia.  Dr.  EL  C.  Wood  1  has  lately  discussed  the 
question,  though  not  specially  in  connection  with  fixity  of  the 
chest,  for  which  it  would  seem  to  be  more  particularly  suited.  He 
advises  that  a  pair  of  ordinary  bellows  should  be  used,  and  that 
-  they  should  be  connected  to  a  face-piece  by  means  of  tubing.  If 
the  mask  prove  inefficient,  he  advises  that  an  intubation  tube 
(two  sizes  of  which  ought  to  be  kept  in  readiness)  should  be 
employed. 

Immediate  Insufflation. — Immediate  insufflation  is  inferior  to 
other  methods  of  artificial  respiration,  in  that  expired  and  not 
common  air  is  introduced  into  the  lungs.  It  has,  nevertheless, 
proved  of  use  in  restoring  the  respiration  of  infants  and  young 
children,  and  certainly  possesses  the  advantage  that  the  force 
exerted  by  the  operator  cannot  be  dangerously  great,  and  is 
easily  controlled. 

The  Administration  of  Oxygen. — This  appears  at  first  sight  to 
be  strongly  indicated.  But  Lallemand,  Richardson,  Perrin,  and 
Duroy  2  have  found  by  experiment  that  common  air  answers  just 
as  well.  The  first-named  observer,  indeed,  states  that  common 
air  is  actually  preferable.  But  even  if  a  more  extensive  trial  of 
oxygen  should  prove  that  this  gas  is  preferable  to  air,  the  diffi- 
culties in  the  way  of  keeping  it  in  readiness  must  always  prevent 
its  use  save  in  hospital  practice.  Dr.  Foy  3  speaks  strongly  in 
its  favour. 

Faradism. — Electric  stimulation  of  the  phrenic  nerves  was 
originally  suggested  by  Duchenne  in  1855  as  a  means  of  restor- 
ing respiration.  He  found  that  by  the  application  of  the  induced 
current  to  these  nerves  he  could  produce  powerful  diaphragmatic 
contraction  in  the  lower  animals  ;  and  that  a  similar  result  could 
be  obtained  in  the  human  subject  some  considerable  time  after 
death.  He  ascertained,  moreover,  that  in  animals  poisoned  by 
chloroform,  the  electrical  excitability  of  the  phrenic  nerves 
remained  almost  or  wholly  unaltered.4  Duchenne  advised  that 
each  electrode  of  an  induction  apparatus  should  be  placed  over 
the  lower  end  of  the  scalenus  anticus  muscle,  on  the  outer  edge 
of  the  sterno-mastoid.  The  latter  muscle  should  be  drawn  some- 
what inwards.  The  electrodes  having  been  placed  in  position, 
the  current  was  turned  on  for  about  a  couple  of  seconds,  when 
the  diaphragm  was  found  to  contract  and  an  audible  inspiration 
to  result.  Expiration  was  assisted  by  compressing  the  lower 
part  of  the  thorax  and  the  abdomen  for  a  couple  of  seconds.  The 

1  Brit.  Med.  Journ.,  Aug.  16,  1890,  p.  384. 

2  Kappeler,  op.  cit. 

3  Brit.  Med.  Journ.,  Jan.  23,  1892. 

4  See  De  Vdlectrisation  localise'e,  by  Duchenne,  r872. 
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faradisation  of  the  phrenics  was  then  repeated.  By  employing 
somewhat  larger  electrodes  than  those  at  first  used,  Duchenne 
found  that  he  was  able  to  call  into  action  other  muscles  capable 
of  assisting  inspiration,  such  as  the  sterno-mastoid,  trapezius, 
levator  anguli  scapulae,  the  pectorales,  the  serratus  magnus,  and 
the  rhomboidei.  Faradisation  of  the  phrenics  was  used  success- 
fully by  Ziemssen  1  in  1856,  in  a  case  of  asphyxia ;  and  the  same 
author  has  recorded  a  similarly  happy  result  in  a  case  of  chloro 
form  poisoning.  In  the  latter  case  the  current  seems  to  have 
been  applied  directly  to  the  diaphragm.  Snow  2  relates  a  case  in 
which  a  '  galvanic  apparatus,'  which  happened  to  be  in  readiness, 
proved  very  successful  in  effecting  inspiration  in  a  patient  who 
had  ceased  to  breathe  during  chloroform  narcosis  ;  and  in  this 
case  also  the  electrodes  were  applied  to  the  diaphragmatic  region 
and  not  to  the  phrenic  nerves.3  In  the  fatal  cases  collected  by 
Snow  mention  is  made  of  '  galvanism  '  on  several  occasions. 
The  effects,  however,  do  not  appear  to  have  been  very  marked. 
When  readier  methods  of  artificial  respiration  became  known, 
faradism  gradually  commenced  to  fall  into  disuse.  At  the  pre- 
sent time  it  is  rarely  if  ever  employed,  principally  for  the  reason 
just  mentioned,  but  partly  also  because  of  the  difficulties  in  the 
way  of  always  having  at  hand  an  induction  apparatus  in  working 
order.  It  is  questionable,  however,  whether  faradism  should 
be  completely  discarded.  When  an  entry  and  exit  of  air  can  be 
brought  about  by  Silvester's  method,  any  attempt  to  carry  on 
artificial  respiration  by  electrical  stimulation  either  of  the  phrenic 
nerves  or  of  the  diaphragm  itself  must  be  regarded  as  out  of 
place.  But  should  the  chest  be  rigidly  fixed,  so  that  all  manual 
methods  of  artificial  respiration  prove  fruitless,  and  should  an 
induction  apparatus  be  at  hand,  faradism  of  the  phrenic  nerves 
should  certainly  be  tried.  We  have  yet  to  learn  whether  this 
immobility  of  the  chest  walls — one  of  the  most  alarming  compli- 
cations of  anesthesia,  and  one  to  which  reference  has  already 

1  See  Kappeler,  op.  cit.,  p.  131. 

2  Op.  cit.    The  current  employed  was  probably  an  interrupted  (faradic)  one. 

3  Dr.  H.  Lewis  Joues,  who  is  in  charge  of  the  Electrical  Department  at 
St.  Bartholomew's  Hospital,  has  kindly  compared  for  me  the  effects  produced 
by  faradisation  of  the  phrenics  and  faradisation  in  the  region  of  the  diaphragm. 
He  finds  by  experimenting  upon  himself  and  upon  me  that  the  application  of 
the  electrodes  over  the  phrenics,  as  suggested  by  Duchenne,  produces  very 
distinct  diaphragmatic  contraction  with  immediate  entry  of  air  to  the  lungs  ; 
whilst  the  application  of  the  current  to  the  diaphragmatic  region  produces 
violent  expiratory  efforts  apparently  from  the  contraction  of  the  intercostal 
and  abdominal  muscles.  The  application  of  the  current  to  the  phrenic  nerves 
in  the  neck  is  not  always  an  easy  matter  ;  but  when  once  the  nerves  have 
been  found  (and  it  is  easy  to  tell  when  this  has  been  accomplished  by  the 
effects  produced),  the  inspiratory  action  of  the  diaphragm  is  very  striking. 
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1  >een  frequently  made — is  the  result  of  spasm  of  the  expiratory 
muscles.  If  future  observation  should  lead  to  this  conclusion, 
faradism  may  yet  be  destined  to  save  many  lives. 

Prognosis. — With  regard  to  the  px*ognosis  in  the  case  of  non- 
obstructive respiratory  failure,  wo  may  say  that,  if  a  pulse  can 
be  detected  at  the  wrist  when  respiration  ceases,  and  air  can  be 
made  to  enter  and  leave  the  chest,  recovery  may  almost  certainly 
be  looked  for.  But  even  though  the  pulse  cannot  be  felt,  the 
administrator  should  by  no  means  despair,  but  should  promptly 
commence,  and  perseveringly  continue  artificial  respiration.  It 
is  almost  unnecessary  to  say  that  artificial  respiration  should  be 
kept  up  so  long  as  there  is  the  slightest  chance  of  restoring  the 
patient.  Recovery  has  been  known  to  take  place  some  consider- 
able time  after  all  signs  of  natural  respiration  and  circulation  have 
been  in  abeyance.1  The  most  formidable  cases  are  those  in  which 
respiration  and  circulation  almost  simultaneously  cease  (p.  218), 
and  those  in  which  the  chest  walls  become  so  rigidly  fixed  that 
artificial  respiration  by  the  usual  methods  is  impossible. 

During  the  performance  of  artificial  respiration  the  patient 
should  be  kept  as  warm  as  possible,  and,  if  practicable,  near  an 
open  fire.  All  other  restorative  measures  should  be  withheld  till 
respiration  has  become  re-established,  unless  they  can  be  under- 
taken by  totally  independent  assistants.  To  relax  the  artificial 
movements  for  the  administration  of  nitrite  of  amyl,  brandy,  &c, 
would  be  distinctly  wrong.  Should  ample  assistance  be  at  hand, 
a  subcutaneous  injection  of  strychnine  and  digitalis  (m.iij.  of  the 
Liq.  Strychninae  Hydrochlor.,  and  m.v.  of  the  Tinct.  Digitalis) 
may  be  given.  But  the  all-important  measure  of  resuscitation  is 
artificial  respiration,  which  of  itself  is  a  cardiac  stimulant  of 
the  highest  order. 

1  I  have  myself  known  automatic  breathing  to  return  after  four  hours' 
artificial  respiration.  (See  Illust.  Case,  No.  25,  p.  273.)  In  the  Edin.  Med. 
Journ.,  Nov.  1874,  a  case  of  chloroform  poisoning  is  recorded  in  which  re- 
covery followed  after  two  and  a  half  hours  of  artificial  respiration.  In  these 
protracted  cases  evidences  of  cardiac  activity  were  to  be  detected  although 
natural  respiration  was  in  abeyance. 
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CHAPTER  III. 

THE    MANAGEMENT    AND    TREATMENT    OF    THE  DIFFICULTIES, 
ACCIDENTS,  AND  DANGERS  CONNECTED  WITH  CIRCULATION. 

General  Summary.— The  circumstances  under  which  the 
heart's  action  may  become  enfeebled,  or  show  signs  of  failure 
during  anaesthesia,  have  been  referred  to  on  several  occasions  in 
the  previous  pages  of  this  work ;  but  it  may  be  well  to  briefly 
recapitulate  them  here,  in  order  that  we  may  be  in  a  position  to 
discuss  the  treatment  which  should  be  adopted. 

We  may,  I  think,  speak  of  (a.)  predisposing,  and  (b.)  exciting 
causes  of  cardiac  depression  and  failure. 

(a.)  Predisposing  Causes  of  Cardiac  Depression  and  Failure. — 
Amongst  these  may  be  mentioned  : — 

(i.)  Extreme  exhaustion  or  shock  consequent  upon  disease  or 
accident. 

(2.)  Valvular  and  other  cai'diac  affections  attended  by  an 
embarrassed  or  feeble  cardiac  action. 
(3.)  Profound  mental  disturbances. 
(4.)  Advanced  arterial  degeneration. 

(1.  and  2.)  Extreme  Exhaustion  or  Shock.  Cardiac  Affections 
attended  by  Feeble  or  Embarrassed  Cardiac  Action. — With 
regard  to  these  causes  we  may  here  repeat  what  has  already 
been  said,  viz.,  that  although  patients  with  embarrassed  and 
feeble  cardiac  action  take  anaesthetics,  as  a  general  rule,  remark- 
ably well,  they  are  nevertheless  not  in  such  a  favourable  condition 
to  withstand  any  prolonged  or  severe  strain  upon  the  heart  as 
patients  with  a  healthier  circulation  (see  p.  25). 

(3.)  Profound  Mental  Disturbance. — The  effects  of  fear  and 
profound  mental  disturbance  upon  the  circulation  have  been  dis- 
cussed on  p.  224. 

(4.)  Advanced  Arterial  Degeneration. — It  is  necessary  to  refer 
to  this  condition  here,  as  it  is  conceivable  that,  by  leading  to 
cerebral  haemorrhage,  it  might  thus  bring  about  circulatory 
depression  during  anaesthesia.  Such  a  contingency,  however,  is 
so  extremely  remote  that  it  may  be  disregarded. 
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(b.)  Exciting  Causes  of  Cardiac  Depression  and  Failure. — Of 
these  we  may  mention  : — 

(i.)  The  surgical  procedure  for  which  the  anaesthetic  is  given 

(P-  32)-  ,  .     s    .  it 

'    (2.)  Any  pronounced  asphyxial  condition  occurring  during  the 

inhalation  (p.  226). 

(3.)  The  administration  of  toxic  closes  of  the  anaesthetic. 

(4.)  The  act  of  vomiting. 

(1.)  The  Surgical  Procedure. — Of  operations  most  likely  to 
induce  circulatory  feebleness  or  failure  may  be  mentioned  : — Those 
in  which  very  severe  haemorrhage  occurs  (e.g.,  the  removal  of  a 
large  sarcomatous  growth  from  the  upper  jaw) ;  those  in  the 
neighbourhood  of  the  solar  plexus  or  vagus  (e.g.,  nephrectomy); 
and  the  removal  of  an  important  organ  or  member  (e.g.,  amputa- 
tion at  the  hip  joint).  Distinct  signs  of  heart  depression  are 
also  reported  to  have  arisen  during  paracentesis  thoracis  (from 
the  sudden  alteration  in  the  heart's  position),  and  during  the 
evacuation  of  fluid  from  the  abdominal  cavity.  The  possibility 
of  syncope  taking  place  from  the  entry  of  air  into  veins  during 
operations  has  been  sufficiently  considered  (p.  227). 

The  two  following  cases  illustrate  the  effects  of  very  profuse 
haemorrhage  upon  the  circulation  of  the  anaesthetised  patient. 
In  Case  33  the  patient  was  at  the  time  of  operation  considerably 
depressed  by  purgation,  and  this  may  have  had  some  influence  in 
the  causation  of  the  symptoms.  In  Case  34  the  patient  was  a 
thin,  feeble  woman,  and  unable  to  bear  loss  of  blood  without 
quickly  showing  signs  of  exhaustion.  By  anticipating  shock,  it 
was  possible  to  tide  her  over  a  somewhat  formidable  operation. 
Towards  the  close  of  the  operation  I  was  able  to  maintain  an 
analgesic  rather  than  a  truly  anaesthetic  state. 

Illustrative  Case,  No.  33. — F.,  set.  60.  Rather  stout ;  not  very 
strong.  Fair  chest  expansion.  Heart  sounds  rather  distant.  No 
winter  cough.  Had  one  ounce  of  castor-oil  the  night  before  operation. 
Three  actions  of  bowels.  Operation  8.30  a.m.  for  removal  of  left  upper 
jaw  for  sarcomatous  growth.  Gas  and  ether  given.  Deep  ether  anaes- 
ihesia  soon  came  on.  Operation  commenced  after  five  minutes  of  ether 
anaesthesia  (see  p.  35).  The  gas  and  ether  had  been  given  by  Mr. 
Braine's  method  (see  p.  180).  Head  on  side,  with  right  cheek  on  pillow, 
and  face  turned  towards  floor.  Operation  begun.  No  embarrassment 
to  breathing  from  blood,  as  all  drained  into,  and  then  out  of,  right 
cheek.  As  effects  of  ether  passed  off,  anaesthesia  kept  up  by  chloroform 
from  a  Skinner's  mask.  Very  profuse  haemorrhage.  Less  anaesthetic 
given.  Respiration  quite  regular.  Pulse  not  observed.  Head  always 
kept  low.  Conjunctival  reflex  just  present.  As  the  haemorrhage  con- 
tinued to  be  free  I  attempted  to  feel  pulse,  but  could  not  detect  one  at 
either  wrist.    Hands  quite  warm.    Respiration  proceeding  regularly. 
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Lion  forceps  now  applied  and  jaw  removed.  Very  little  haemorrhage, 
probably  from  feeble  circulation.  Sutures  rapidly  inserted,  and  opera- 
tion finished.  Respiration  still  regular,  but  occasionally  feeble.  Still 
no  pulse.  Half  an  ounce  of  brandy,  with  some  water,  given  per  rectum  ; 
a  subcutaneous  injection  of  ether  administered,  and  ammonia  applied 
to  nostrils.  No  effect  produced.  Respiration  could  be  kept  proceeding 
satisfactorily  so  long  as  the  lips  were  occasionally  briskly  rubbed  with 
a  towel  (see  p.  230).  Lips  pale,  but  pinkish.  Ears  and  cheeks  pale. 
The  wrist  pulse  remained  absent  for  twenty  or  twenty-five  minutes,  and 
then  gradually  returned.  Head  kept  low.  Hot  cloths  applied  to  head. 
Even  when  the  patient  became  half-conscious,  the  wrist  puhe  was  barely 
perceptible.    The  patient  made  an  excellent  recovery. 

Hlustrative  Case,  No.  34.— F.,  set.  40.  Short  stature  and  thin. 
Large  cystic  sarcoma  of  left  breast.  The  tumour  rendered  a  stethoscopic 
examination  of  heart  almost  impossible.  Operation  for  removal  of 
growth.  Ether  given  by  means  of  Clover's  portable  inhaler.  Pulse 
during  first  part  of  operation  very  fair.  Tumour  very  vascular : 
haemorrhage  free.  Pulse  gradually  grew  weaker  and  quicker.  The 
first  indications  of  shock  were: — (1)  quickened  pulse:  (2)  dilatation 
of  pupil  :  and  (3)  some  pallor.  Although  the  patient  was  well  under 
the  anaesthetic  when  incisions  made  and  removal  of  breast  begun,  she 
was  allowed  to  regain  lid-reflex  when  the  ho3inorrhage  became  free. 
For  the  last  20  minutes  of  operation  she  was  more  or  less  conscious, 
with  widely  dilated  pupils,  good  conjunctival  reflex,  weak  and  rapid 
pulse  (about  130),  and  considerable  pallor.  A  breath  of  ether  with 
plenty  of  air  given  occasionally.  Respiration  quiet,  shallow,  and 
regular.  Whilst  sutures  were  being  put  in  she  was  able  to  answer 
questions,  though  feebly  and  slowly.  The  operation  lasted  one  hour. 
It  may  be  added  that  any  attempt  to  keep  up  a  deeper  anaesthesia  than 
that  described  was  at  once  followed  by  greater  rapidity  of  pulse  and 
loss  of  tone  in  the  eyelids,  so  that  a  moderately  deep  anaesthesia  was 
maintained  after  the  skin  incisions  had  been  made  and  the  removal  of 
the  tumour  begun. 

That  the  surgical  procedure  may,  independently  of  the  occur- 
rence of  haemorrhage,  very  seriously  and  sometimes  very  suddenly 
depress  the  circulation  of  the  patient,  will  be  seen  by  referring  to 
the  following  cases.  In  the  first  three  of  these,  viz.,  Cases  35, 
36,  and  37,  ether  was  being  employed ;  and  in  the  remaining  four, 
viz.,  Cases  38,  39,  40,  and  41,  chloroform. 

Illustrative  Case,  No.  35—  F.,  aet.  about  35.  Very  anaemic  from 
long-standing  haematuria.  Short  stature  and  spare  build.  Pulse  84, 
regular  and  extremely  compressible.  No  respiratory  difficulty.  Ne- 
phrectomy for  renal  tumour.  Time  10.40  a.m.  Administration  com- 
menced with  A.  C.  E.  mixture  on  Skinner's  mask.  At  10.42  respiration 
rather  rapid — suggestive  of  hysteria.  10.43  Ormsby's  inhaler,  charged 
with  ether,  gradually  applied.  Deep  anaBsthesia  rapidly  produced. 
Pulse  fair,  but  quicker  than  before  commencement.  Patient  lying  on 
side  with  pillow  under  loins  :  head  low  :  face  towards  bed.  Respira- 
tion regular  and  not  hampered.    10.52  operation  begun.    No  reflex 
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movement.  At  1 1,  whilst  pedicle  was  being  tied,  distinct  evidences  of 
shock  began  to  manifest  themselves.  Pulse  rapid  and  feeble.  Allowed 
patient  to  regain  conjunctival  reflex  to  a  slight  extent.  Respiration 
regular  and  snoring.  Pulse  soon  became  barely  perceptible  at  wrist. 
Hands  warm.  Fair  colour.  Respiration  less  deep  and  non-stertorous. 
As  pulse  now  almost  imperceptible  operation  rapidly  completed.  Whilst 
the  patient  was  in  this  condition  the  breathing  was  suddenly  'held,' 
as  if  straining  or  coughing  were  imminent :  but  as  the  suspended  respira- 
tion persisted,  the  sternum  was  pressed  five  or  six  times,  and  air  was 
heard  to  enter  and  leave  the  chest.  Automatic  breathing  then  returned 
and  continued,  though  with  occasional  pauses.  End  of  table  raised. 
Operation  completed.  Patient's  condition  gradually  improved.  Fifteen 
minutes  after  operation,  the  pulse  could  be  counted  at  wrist.  Patient 
moved  to  bed  and  kept  very  warm.  No  vomiting.  Made  a  good 
recovery. 

Nephrectomy  in  a  feeble  and  very  anaemic  patient  is  prone  to 
be  attended  by  shock,  and,  as  the  above  case  shows,  the  resources 
of  the  administrator  of  the  anaesthetic  may  be  severely  taxed. 
That  the  symptoms  were  not  due  to  loss  of  blood  is  perfectly  cer- 
tain, seeing  that  every  care  was  taken,  and  with  the  most  perfect 
success,  to  avoid  unnecessary  haemorrhage.  Nor  was  the  anaes- 
thetic to  blame,  seeing  that  the  symptoms  of  the  patient  in  no  way 
corresponded  with  those  dependent  upon  an  over-dose  of  ether. 

Illustrative  Case,  No.  36. — F.,  set.  70.  Active.  Stout.  Good  regular 
heart  sounds.  No  evidence  of  bronchitis.  No  breathlessness.  Amputa- 
tion of  left  breast.  9.30  a.m.  No  food  or  drink  since  last  night. 
Administration  conducted  as  described  on  p.  256.  A.  C.  E.  mixture 
given  on  Skinner's  mask.  No  resistance  or  difficulty.  Changed  to 
Rendle's  mask  in  a  minute  or  two.  Breathing  rather  quick.  Then 
changed  to  Ormsby's  inhaler  charged  with  pure  ether.  No  difficulty 
beyond  transient '  holding  of  breath.'  No  struggling.  Soon  stertorous, 
but  with  slight  conjunctival  reflex.  As  the  breathing  was  rather  jerky 
(from  large  abdomen)  and  the  lips  flapped  audibly  with  expiration, 
somewhat  less  ether  was  given.  Breathing  less  jerky.  Two  very  long 
skin  incisions  made.  No  movement  or  reflex  noise,  but  a  slight  hesita- 
tion in  breathing  noticed,  i.e.,  a  slight  straining  with  expiration.  As 
the  anaesthetic  was  continued  this  quickly  passed  off  and  breathing 
became  regular.  Although  colour  and  respiration  good,  no  pulse  could 
be  detected  either  in  radial  or  temporal  artery.  The  colour  was  perhaps 
a  trifle  paler  than  normal,  but  nothing  more.  Pupils  moderately  con- 
tracted. Very  slight  lid-reflex.  Ether  suspended  for  a  while.  Still 
no  pulse  :  but  respiration  proceeding.  After  pulse  had  thus  been 
absent  for  about  ten  minutes,  it  returned,  and  with  it  brisk  lid-reflex 
and  some  expiratory  phonation.  For  rest  of  operation  pulse  good  and 
regular,  and  colour  very  good.  Administration  lasted  one  hour.  4^ 
oz.  of  Robbins's  ether  used.    Some  retching  after. 

The  above  case  is,  in  my  experience,  unique.  It  is  extremely 
interesting  as  showing  that  reflex  circulatory  depression  may  arise 
•even  under  the  stimulant  effects  of  ether.    As  already  mentioned 
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(p.  33),  cessation  of  the  wrist  pulse  at  the  very  moment  the 
operation  was  commenced  has  been  repeatedly  recorded  under 
chloroform.  But  it  is  certainly  extremely  rare  under  ether.  It 
is  possible  that  at  the  moment  the  long  skin  incisions  were  made 
the  patient  was  too  lightly  under  the  anaesthetic,  but  this  is  quite 
doubtful.  It  is  said  by  some  that  operations  upon  the  left  breast 
are  particularly  prone  to  be  attended  by  temporary  disappearance 
of  the  pulse  and  other  circulatory  effects. 

Illustrative  Case,  No.  37. — M.,  aet.  about  18.  Thin  :  breathless  on 
slight  exertion  :  has  some  dulness  at  bases  of  lungs.  Syme's  amputa- 
tion for  sarcoma  of  foot.  Commenced  administration  with  a  small 
quantity  of  the.  A.  C.  E.  mixture  on  Skinner's  mask.  Then  went  on 
with  pure  ether  from  a  Clover's  portable  inhaler.  He  breathed  the 
ether  well  at  first :  but  soon  commenced  to  give  some  trouble.  The 
upper  lids  became  raised,  and  it  was  difficult  to  secure  tranquil  anaes- 
thesia. The  lid-reflex  persisted,  and  also  some  muscular  movement.-, 
for  about  ten  minutes.  Breathing  somewhat  hampered.  Whilst  lie 
was  in  this  condition  the  operation  was  commenced.  It  so  happened 
that  I  had  my  finger  upon  the  radial  pulse,  and  that  the  student  who 
was  administering  the  ether  under  my  supervision  had  his  finger  upon 
the  carotid  artery.  The  pulse  was  good  but  quick.  At  the  moment  the 
skin  incision  was  made,  the  pulse  suddenly  ceased  both  at  the  wrist  and 
at  the  neck,  and  remained  absent  for  (?)  four  or  five  seconds.  No  loss 
of  colour.  Pulse  resumed  its  previous  character.  Some  movement  of 
patient,  showing  he  was  not  deeply  anaesthetised.  Attempted  to  secure 
a  better  and  more  profound  anaesthesia,  but  respiration  tended  to  become 
feeble  and  face  pale.  No  further  trouble  during  rest  of  operation.  This 
patient  died  some  weeks  later,  and  at  the  autopsy  a  large  mediastinal 
(sarcomatous)  tumour  was  discovered.  This  had  probably  caused  the 
respiratory  difficulties  in  the  administration. 

It  must  be  admitted  that  in  the  above  case  the  patient  was,  at 
the  moment  of  incision,  imperfectly  anaesthetised.  The  operator 
understood  that  the  patient  was  ready  for  operation ;  whereas, 
owing  to  the  embarrassed  respiration,  it  had  been  found  impracti- 
cable to  arrive  at  tranquil  anaesthesia  in  the  usual  time.  It  is 
probable  that  had  the  patient  been  under  chloroform  a  more 
serious  depression  of  circulation  would  have  resulted. 

Illustrative  Case,  No.  38. — The  patient  was  a  gentleman  of  about 
thirty-five  years  of  age  ;  of  average  build  ;  in  good  general  health  ;  and 
not  markedly  nervous.  He  was  the  subject  of  a  sarcomatous  tumour 
of  the  soft  palate.  Chloroform  was  administered  by  means  of  Junker's 
inhaler.  Anaesthesia  was  produced  in  from  8-10  minutes,  and  was 
characterised  by  muscular  flaccidity,  abolition  of  lid-reflex,  and  slight 
stertor.  There  were  to  be  two  stages  in  the  operation— the  first  of 
which  consisted  in  placing  a  temporary  ligature  round  the  carotid 
artery  in  the  neck  ;  the  second  in  removing  the  growth  of  the  palate. 
The  skin  incision  was  unattended  by  movement  or  other  phenomena. 
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Whilst  the  artery  was  being  exposed,  the  pulse  became  extremely  feeble, 
the  face  pale,  the  respiration  shallow,  and  the  operator  had  some  diffi- 
culty in  recognising  the  vessel  by  reason  of  its  diminution  in  size.  The 
head  was  lowered  and  the  legs  raised.  After  three  or  four  compressions 
of  the  chest  the  pulse  gradually  improved,  and  rigidity  and  lid-reflex 
re-appeared.  I  then  had  recourse  to  ether  for  the  remainder  of  the 
operation,  which  was  successfully  performed  under  this  anaesthetic. 

The  next  day,  whilst  the  wound  over  the  carotid  was  being  examined 
without  an  anaesthetic,  the  patient's  face  suddenly  became  pale,  the 
artery  contracted  as  on  the  previous  occasion,  the  eyes  turned  up,  the 
muscles  of  the  jaw  twitched,  and  for  a  few  seconds  the  patient  was 
unconscious. 

I  anaesthetised  this  patient  two  years  later,  and  gave  him  ether  for 
the  removal  of  a  very  small  recurrent  nodule.  No  difficulty  occurred. 
It  is  fair,  however,  to  add  that  no  ligature  was  this  time  placed  round 
the  carotid. 

Illustrative  Case,  No.  39. — M.,  set.  60.  Healthy  and  muscular.  Florid, 
cheeks.  Iron  grey  beard.  Had  his  tongue  removed  some  months  ago. 
Now  has  epitheliomatous  glands  of  neck  requiring  removal.  Heart 
sounds  good  ;  not  nervous.  Chloroform  administered  on  Skinner's 
mask.  Drop  bottle.  No  struggling.  Some  temporary  respiratory  diffi- 
culty before  deeply  under,  easily  relieved  by  pushing  jaw  well  forwards. 
Fully  anaesthetised  in  5-6  min.  No  movement  with  skin  incision. 
The  signs  of  anaesthesia  were  : — Eegular,  softly  snoring  breathing  :  no 
corneal  reflex  :  fixed  eye-balls  :  pupils  (  =  3 J  mm.) :  good  colour. 
As  this  pupil  was  a  trifle  larger  than  the  ordinary  chloroform  pupil,  I 
instructed  the  student  who  was  administering  the  chloroform  to  some- 
what lessen  the  amount  of  anaesthetic.  This  brought  the  pupil  to 
0  (  =  2\  mm.)  in  about  half  a  minute.  Other  signs  as  before.  A  few 
minutes  later,  during  the  manipulations  of  the  surgeon  for  the  removal 
of  the  glands  (which  were  intimately  connected  with  the  carotid,  jugu- 
lar, vagus,  and  phrenic),  the  patient  became  pale,  and  his  jaw  muscles 
flaccid.  In  a  few  seconds  from  this  his  breathing  became  irregular  and 
shallow.  No  sound  of  obstruction.  I  assisted  respiration  by  pressing 
with  each  expiratory  effort  upon  the  lower  part  of  thorax,  and  with  my 
finger  in  mouth  kept  stump  of  tongue  from  pharynx.  The  pulse,  which 
had  not  been  observed  before,  was  barely  perceptible  and  slow.  (It 
had  probably  ceased  altogether  when  the  pallor  came  on.)  Lid-reflex 
now  returned,  and  some  moaning.  Carotid  ancl  jugular  both  ligatured 
and  glands  completely  and  successfully  removed.  The  operation  was 
never  suspended,  as  no  further  remedy  besides  chest-compression  was 
necessary.  A  comparatively  light  anaesthesia  was  kept  up  for  the  rest 
of  operation.  Any  attempt  to  abolish  lid-reflex  was  at  once  followed 
by  feeble  breathing.  The  colour  and  pulse  improved  after  the  chest- 
compression  ;  but  patient  remained  pale,  and  with  rather  slow  and 
weak  but  regular  pulse  till  end  of  operation.  Administration  lasted 
50  min.    14  dr.  of  chloroform  used. 

*     I  venture  to  regard  the  two  preceding  cases  as  of  great  prac- 
tical importance.    They  so  strikingly  resemble  one  another  that 
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we  must,  I  think,  admit  that  the  symptoms  were  due  to  vagus 
irritation.  The  syncope  came  on  whilst  the  vagus  was  being 
pulled  upon.  In  each  case  the  patient  was  deeply  under  the  anaes- 
thetic. In  fact,  the  only  alternative  supposition  is  that  the 
anaesthetic  was  the  cause  of  the  symptoms.  But  from  the 
rapidity  with  which  the  patients  regained  muscular  tonus;  from 
the  behaviour  of  the  pupil ;  from  the  fact  that  pallor  preceded 
respiratory  arrest;  and  from  the  symptoms  having  come  on  at 
the  moment  when  the  vagus  was  being  interfered  with ;  there  is 
little  room  for  doubt  in  the  matter.  Had  one  not  been  observing 
the  patient  very  closely,  a  mistake  in  the  diagnosis  would  pro- 
bably have  been  committed. 

Illustrative  Case,  No.  40. — F.,  set.  32  ;  thin  ;  tall ;  very  fair  ;  light 
chestnut  hair  ;  good  heart  sounds  and  chest  expansion  ;  nervous,  but 
nervousness  under  control.  Commenced  with  gas  and  ether.  Some 
opisthotonus  and  holding  of  breath  during  transition  from  gas  to  ether, 
but  no  difficulty  ;  and  patient  soon  breathed  regularly  and  stertor- 
ously.  After  four  to  five  minutes  of  satisfactory  and  deep  etherisation, 
during  which  corneal  reflex  was  absent,  the  colour  good,  the  respira- 
tion regular  and  deep,  and  the  pupils  of  medium  size  or  rather  large, 
I  changed  to  chloroform  in  obedience  to  the  wishes  of  the  operator. 
Chloroform  given  on  Skinner's  mask.  Stertor  not  allowed  to  subside, 
i.e.,  deep  anaesthesia  was  maintained.  Corneal  rellex,  however,  re- 
appeared to  a  slight  extent  ;  and  pupils  became  £  (3  mm.).  Good 
colour.  Pulse  not  observed.  A  small  tentative  incision  (to  discover 
nature  of  tumour)  now  made.    This  made  pupils  ^|  (4^  mm.)  ;  but 

no  other  reflex  effect  observed.  No  movement.  Respiration  still  deep 
and  good.  Pulse  now  felt  for  first  time  and  found  to  be  markedly 
irregular.  Less  chloroform  given.  Pulse  became  regular  ;  corneal 
reflex  a  trifle  more  distinct ;  pupils  #  tu  £  (2  to  2^  mm.)  ;  respiration 
good.  The  fact  that  the  pulse  was  irregular  with  more  and  regular  with 
less  chloroform,  led  me  to  conclude  that  the  deeper  anaesthesia  was 
in  this  case  unadvisable.  A  long  incision  was  now  made  to  remove  the 
breast,  and  the  regular  pulse  at  once  became  almost  imperceptible  at  the 
wrist,  but  re-appeared  in  a  few  seconds,  and  was  then  remarkably  slow 
(?  about  40)  and  occasionally  irregular.  No  movement  during  incision. 
With  this  slow  pulse  pupils  about  0  (2%  mm.).  The  colour  was  fairly 
cfood,  but  possibly  a  trifle  less  florid.  Respiration  unaltered.  I  now 
changed  to  ether,  under  which  the  pulse  at  once  grew  quicker  (about 
go)  aud  perfectly  regular.    No  further  trouble. 

In  this  case  two  facts  are  apparent : — (1.)  That  a  very  deep 
chloroform  anaesthesia  was  attended  by  such,  an  alteration  in 
circulation  as  to  render  this  very  profound  narcosis  unadvisable  ; 
and  (2)  that  an  anaesthesia  somewhat  less  profound  was  attended 
by  well-marked  cardiac  inhibition  at  the  moment  a  large  incision 
was  made.    If  a  very  deep  anaesthesia  is  not  liable  to  be  attended 
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by  the  phenomena  described,  we  should  obviously  attempt  to 
secure  such  a  condition  ;  but  in  this  case  it  was  certainly  not 
advisable  to  proceed  so  far. 

Illustrative  Case,  No.  41. — Healthy-looking  child,  about  5  years  of 
age.  Nephrectomy  for  sarcoma  of  kidney.  Chloroform  on  Skinner's 
mask  administered  by  a  student  under  my  supervision.  All  went  well 
till  fifteen  minutes  after  the  commencement  of  the  operation,  when, 
during  the  manipulations  of  the  surgeon,  the  following  events  occurred 
in  the  order  mentioned  : — (1.)  The  pulse  became  very  slow,  the  respira- 
tion being  regular  and  the  colour  good.  The  anaesthetic  was  withheld. 
(2.)  The  pulse  became  slower  and  feebler,  and  the  respiration  almost  im- 
perceptible, whilst  the  lips  remained  of  good  colour.  (3.)  The  radial 
pulse  ceased  and  the  colour  became  dusky.  Inversion  and  artificial 
respiration  very  quickly  restored  the  circulation. 

The  above  case  is  a  good  illustration  of  surgical  shock  occurring 
even  during  deep  chloroform  anaesthesia.  Operations  upon  the 
kidney  are  apparently  more  prone  than  any  others  to  cause  this 
form  of  cardiac  depression,  and  such  symptoms  are  more  likely 
to  arise,  and  are  of  a  more  urgent  character,  when  chloroform  is 
used  than  when  ether  is  employed.  But  that  they  may  manifest 
themselves  under  ether  is  certain,  as  Illustrative  Case,  No.  35, 
p.  316,  demonstrates.1 

(2.)  Intercurrent  Asphyxia. — With  regard  to  asphyxial  condi- 
tions coming  into  play  during  surgical  anaesthesia,  we  have  seen  : 
that  in  whatever  way  such  conditions  may  originate  the  result  is 
invariably  the  same,  viz.,  gradual  circulatory  depression  :  that 
this  result  is  more  quickly  produced  under  chloroform  than  under 
nitrous  oxide  or  ether  :  and  that  it  occurs  in  its  worst  forms  in 
patients  with  originally  feeble  cardiac  action.  In  the  following 
case  the  temporary  withdrawal  of  oxygen,  during  the  administra- 
tion of  nitrous  oxide  to  a  patient  with  aortic  disease,  was  pro- 
bably the  exciting  cause  of  the  temporary  cardiac  failure. 

Illustrative  Case,  No.  42. — A  young  man,  in  domestic  service,  pre- 
sented himself  at  the  Dental  Hospital  with  the  object  of  having  a  tooth 


1  I  have  lately  been  informed  by  Dr.  Amand  Routh  of  an  interesting  con- 
dition which  he  observed  in  a  patient  under  chloroform  for  dilatation  of  the 
os  uteri.  The  pulse  fell  to  24  per  min.  during  the  stretching  of  the  internal 
os.  Dr.  Routh  also  tells  me  that  he  has  on  other  occasions  noticed  an  inter- 
mission in  the  cardiac  beats  each  time  the  internal  os  was  stretched  by  Hegar's 
dilators.  Since  this  information  from  Dr.  Routh  I  have  watched  the  pulse 
during  dilation  of  the  cervix.  In  one  case  only,  that  of  a  florid  young  lady 
deeply  under  ether,  have  I  detected  an  occasional  intermission  during  the 
stretching.  I  have  never  given  chloroform  for  this  operation,  so  cannot  speak 
of  the  circulatory  effects  which  may  occur. 

In  Dr.  Sheppard's  notes  I  find  a  case  recorded  in  which,  at  the  moment 
the  soft  palate  was  seized  by  forceps,  prior  to  an  operation  upon  it,  the  patient, 
who  was  under  chloroform,  suddenly  became  pale  and  the  pulse  feeble. 
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extracted  under  nitrous  oxide.  As  there  was  nothing  in  his  appearance 
or  behaviour  to  suggest  any  serious  visceral  disease,  I  administered 
nitrous  oxide  gas.  The  breathing  and  pulse  became  feeble.  All  that 
was  necessary  was  to  compress  the  chest  two  or  three  times,  when  the 
colour  improved  and  the  breathing  returned.  On  examining  the  chest 
stethoscopically  double  aortic  disease  was  found  to  exist. 

(3.)  Direct  Effects  of  Anaesthetic. — As  to  the  depressing  effects 
of  anaesthetics  themselves  upon  the  circulation,  we  have  seen  that 
danger  from  this  quarter  is  not  as  great  as  has  been  hitherto 
believed.  It  is  true  that  all  anaesthetics  eventually  act  as  cardiac 
depressants,  but  this  action  does  not  as  a  rule  become  a  distinct 
feature  of  the  case  till  respiration  has  shown  signs  of  failure,  or 
has  actually  ceased.  The  rare  cases  in  which,  during  the  adminis- 
tration of  nitrous  oxide  or  ether,  the  heart  has  shown  signs  of 
failure  before  respiration  has  become  obviously  impaired,  are  pro- 
bably best  explained  on  other  grounds,  e.g.,  asphyxia,  surgical 
shock,  vomiting,  &c.  With  chloroform,  however,  it  must  be 
admitted  that  there  is  considerable  clinical  evidence  to  support 
the  view  that  this  anaesthetic  does  occasionally  exert  a  primarily 
depressing  influence  upon  the  heart  itself  (see  p.  220). 

(4.)  The  Act  of  Vomiting. — Lastly,  the  act  of  vomiting,  as 
already  mentioned,  may  be  accompanied  by  dangerous  or  even 
fatal  syncope ;  but  such  cases  are  fortunately  extremely  rare. 


In  discussing  the  remedial  measures  which  should  be  adopted, 
we  may  speak  of  (a)  the  preventive  and  (b)  the  immediate  treat- 
ment of  circulatory  failure. 

(a.)  The  Preventive  Treatment  of  Circulatory  Failure. 

— This  resolves  itself  into  a  careful  consideration  of  the  con- 
dition of  the  patient,  the  nature  of  the  operation,  the  selection  of 
the  anaesthetic,  and  the  preparations  necessary  for  the  adminis- 
tration (Part  I.).  In  the  case  of  very  exhausted  subjects,  the 
operation  should,  if  possible,  be  planned  to  take  place  early  in 
the  morning;  as  much  nutriment  should  be  allowed  as  is  com- 
patible with  the  avoidance  of  after-sickness ;  the  advisability  of 
employing  an  enema  of  brandy  and  water,1  or  brandy  and  beef- 
tea,  before  the  administration,  should  be  considered ;  that  method 
of  giving  ether  in  which  the  asphyxial  factor  is  reduced  to  a 
minimum  (p.  137)  should  be  chosen;  the  patient  should  be  well 
covered  with  blankets,  and  kept  very  warm ;  the  head  should 

1  See  Mr.  Christopher  Heath  on  Surgical  Shock,  Brit.  Med.  Jouriu,  Feb.  2, 
1889,  p.  234. 
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be  kept  as  low  as  circumstances  will  permit ;  not  more  of  the 
anaesthetic  than  is  necessary  should  be  given ;  and  free  respira- 
tion sedulously  maintained.  In  desperate  cases  the  preliminary 
subcutaneous  injection  of  mv.  of  the  tincture  of  digitalis  may  be 
tried.  The  use  of  alcohol  by  the  mouth  is  not,  as  a  general  rule, 
to  be  recommended,  owing  to  its  increasing  the  chance  of  vomit- 
ing. In  the  case  of  patients  with  valvular  and  other  cardiac 
affections,  the  avoidance  of  circulatory  troubles  principally  de- 
pends upon  the  employment  of  an  appropriate  anaesthetic,  and 
upon  the  maintenance  of  unembarrassed  breathing.  If  the 
patient  be  pale,  and  his  pulse  distinctly  feeble  from  emotional 
causes,  chloroform  is  probably  best  avoided.  The  choice  of  anaes- 
thetics in  markedly  atheromatous  subjects  has  been  discussed  on 
p.  26. 

(6.)  The  Immediate  Treatment  of  Circulatory  Failure. 

— In  considering  the  immediate  treatment  of  circulatory  failure, 
it  is  first  of  all  necessary  to  bear  in  mind  that  free  respiration  is 
essential  to  good  circulation.  In  many  cases,  indeed,  pulse  failure 
during  anesthesia  seems  to  be  principally  if  not  wholly  dependent 
upon  inadequate  breathing ;  and  if,  in  such  cases,  respiration  be 
assisted,  the  pulse  will  at  once  improve.  There  are  very  few 
cases  of  circulatory  failure  connected  with  the  effects  of  the  anaes- 
thetic in  which  any  other  cardiac  stimulants  than  fresh  air  and 
good  respiratory  action  are  needed.  Errors  have  over  and  over 
again  been  committed  in  administering  subcutaneous  injections  of 
ether  or  brandy,  and  in  employing  ammonia  or  nitrate  of  amyl, 
when  attention  should  have  been  directed  to  the  patient's  respira- 
tion. There  are,  however,  certain  cases  in  which  grave  symptoms 
of  circulatory  failure  arise  whilst  the  breathing  is  proceeding 
more  or  less  satisfactorily,  and  under  such  circumstances  special 
treatment  must  be  adopted. 

In  minor  cases  the  anaesthetic  should  be  withheld;  the  patient 
placed  or  kept,  as  the  case  may  be,  in  the  horizontal  position, 
with  the  head  low  ;  a  free  air- way  maintained ;  and  the  lips  and 
cheeks  briskly  rubbed  with  a  dry  towel.  If  the  symptoms  be 
due  to  intercurrent  asphyxia,  or  to  the  depressing  influence  of 
chloroform,  they  will  usually  soon  disappear  by  employing  these 
simple  measures.  If  they  be  connected  with  approaching  vomit- 
ing, the  lip-friction  will  probably  bring  matters  to  a  crisis,  and 
the  colour  and  pulse  will  then  return. 

If  the  circulatory  depression  be  due  to  surgical  shock  the  ques- 
tion''"will  arise,  whether  or  not  the  operation  should  be  discon- 
tinued. This  point,  however,  hardly  admits  of  discussion  here. 
When  the  patient's  circulation  is  gradually  getting  weaker  and 
weaker,  and  the  operation  is  not  completed,  in  addition  to  the 
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above  measures,  an  enema  of  hot  water,  with  or  without  brandy, 
may  be  administered,  the  lips  wiped  with  a  cloth  moistened  with 
brandy,  cloths  wrung  out  of  nearly  boiling  water  applied  to  the 
forehead,  and  a  subcutaneous  injection  of  the  tincture  of  digitalis 
given.  The  injection  of  normal  saline  solution 1  into  the  veins 
is  undoubtedly  a  mode  of  treatment  of  the  highest  value  in  some 
of  these  cases.  By  adopting  one  or  all  of  these  measures  it  will 
often  be  found  practicable  to  complete  a  desperate  operation. 
Tbe  effects  of  alcohol,  either  given  subcutaneously  or  by  the 
rectum,  have  been  often  questioned.  My  own  experience  leads 
me  to  say  that  in  pulse  failure  which  is  not  immediately  due  to 
an  over-dose  of  the  anaesthetic,  brandy  is  of  considerable  service  in 
maintaining  the  circulation.  Dr.  H.  C.  Wood  has  lately  shown 
that,  when  the  lower  animals  are  poisoned  with  chloroform,  the 
injection  of  alcohol  into  the  jugular  vein  produces  no  effect  upon 
the  arterial  pressure.  But  in  many  of  the  cases  in  surgical  prac- 
tice the  heart- failure  is  due  to  surgical  causes,  and  in  such  cases 
as  these  alcohol  is  likely  to  be  beneficial. 

Some  surgeons  speak  highly  of  nitrite  of  amyl  given  in  three 
or  four  min.  doses,  but  Dr.  Wood's  experiments  with  this  drug 
lead  him  to  regard  it,  at  all  events  in  chloroform-syncope,  as 
valueless.  The  subcutaneous  injection  of  ether  is,  as  this  autho- 
rity points  out,  irrational.  When  the  pulse  and  breathing  are 
both  feeble  in  chloroform  administration,  a  few  drops  of  ether 
sprinkled  on  the  mask  will  often  act  remarkably  well  in  stimu- 
lating both ;  but  to  inject  ether  in  patients  already  under  .its 
influence  is  obviously  worse  than  useless.  Some  good  may,  of 
course,  result,  as  with  alcohol,  when  the  patient's  circulation  is 
enfeebled  from  general  exhaustion  or  surgical  shock ;  but  a  careful 
distinction  between  such  cases,  and  those  in  which  too  much  of 
the  anaesthetic  has  been  given,  must  be  made  before  injecting 
either  alcohol  or  ether.  The  vapour  of  ammonia  (the  Liq.  Ammon. 
Fort,  diluted  with  an  equal  bulk  of  water  answers  well)  is  also 
frequently  employed  as  a  cardiac  stimulant ;  but  the  same  remark 

1  I  am  indebted  to  Mr.  Arbuthnot  Lane  for  some  interesting  and  important 
remarks  on  the  value  of  saline  injections.  He  has  used  the  method  a  great 
many  times  with  uniform  success  ( I )  in  cases  of  haemorrhage  ;  (2)  in  acute 
inflammatory  conditions — as,  for  instance,  in  the  case  of  very  acute  tubercular 
disease,  with  high  temperature  and  extreme  exhaustion ;  (3)  in  collapse 
developing  during  the  course  of  a  severe  operation  ;  and  (4)  during  the  course 
of  operations  for  intestinal  obstruction,  when  the  patient  has  been  much 
exhausted  by  prolonged  vomiting  or  want  of  food.  He  has  found,  under  the 
last-named  circumstances,  that  the  patient  has  been  much  better  after  a 
tedious  operation  than  he  was  before,  in  spite  of  the  anaesthetic.  Mr.  Lane 
has  in  most  of  his  cases  used  simple  tap  water,  though  he  prefers  boiled  water 
for  the  purpose.  The  saline  solution  consists  of  one  drachm  of  common  salt  to 
a  pint  of  water. 
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applies  to  this  as  to  the  other  remedies  just  discussed.  The  fact 
is,  that  if  the  circulatory  depression  has  been  caused  by  the  anaes- 
thetic itself,  or  by  intercurrent  asphyxia,  drugs  should,  as  a  rule, 
be  avoided,  and  every  means  adopted  for  maintaining  free  respira- 
tion in  order  to  encourage  elimination.  When,  however,  the 
patient's  condition  is  traceable  to  other  causes,  such  as  heart 
enfeeblement  from  inherent  disease,  surgical  shock,  &c,  beneficial 
effects  may  be  expected  from  the  usual  cardiac  stimulants,  viz., 
ether  (if  not  already  present  in  the  system),  alcohol,  ammonia, 
and  digitalis. 

Should  the  pulse  become  imperceptible  at  the  wrist,  and  the 
features  pale,  whilst  respiration  is  continuing,  partial  or  complete 
inversion,  as  suggested  by  Nelaton  in  1861,  may  be  adopted. 
Many  remarkable  cases  are  on  record  1  in  which  patients  have 
thus  been  rescued  from  imminent  death  during  chloroform  anaes- 
thesia. The  beneficial  effects  of  inversion  are  probably  to  be 
explained  by  supposing  that  the  right  heart  thereby  receives 
more  blood  than  can  reach  it  in  other  positions  of  the  body ;  but 
it  is  possible  that  the  pressure  brought  to  bear  upon  the  feebly 
acting  heart  by  the  abdominal  viscera  may  be  an  important 
factor.  In  some  of  the  recorded  cases  in  which  Nelaton's 
method  has  proved  successful,  the  pulse  at  the  wrist  could  be 
made  to  come  and  go  as  the  patient  was  inverted  or  placed 
horizontally.  In  children,  inversion  is  easily  enough  applied ; 
but  in  adults  there  is  necessarily  greater  difficulty.  It  is  some- 
times a  good  plan,  in  heavily  built  subjects,  to  secure  the  feet  to 
the  end  of  the  table  or  bed,  and  to  raise  that  end.  In  this  way 
other  remedial  measures,  such  as  the  application  of  hot  towels  to 
the  cardiac  area,2  artificial  respiration,  and  the  injection  of  saline 
solution  may  be  adopted.  It  is  very  important  that  inver- 
sion should  be  restricted  to  the  proper  cases.  It  should  never 
be  employed  unless  the  signs  of  heart  failure  are  distinctly 
marked. 

The  beneficial  effects  of  faradism  are  questionable.  Professor 
Mac  William 3  advises  rather  strong  induction  shocks,  with  the 
skin  moistened,  one  electrode  being  placed  over  the  heart's  apex, 
and  one  over  the  fourth  dorsal  vertebra.  Schafer  and  Sigmund 
Meyer,  on  the  other  hand,  consider  faradism  to  be  as  likely  to 
inhibit  as  to  stimulate  a  feebly  acting  heart. 

1  See  bcutsche  Med.  Zeitung,  Feb.  1885  ;  '  Braithwaite's  Retrospect,'  vol.  i. 
1876,  p.  348  ;  Edin.  Med.  journ.,  vol.  ii.  1874,  P-  476.  Kappeler  states 
(p.  135)  that  Schuppert  saved  three  patients  by  inversion. 

2  Lancet,  vol.  i.  1881,  p.  1015. 

3  '  Electric  Stimulation  of  the  Heart  in  Man'  (Brit.  Med.  Journ.,  Feb.  16. 
1889). 
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Acupuncture  and  electro-puncture  of  the  heart  are  not  to  be 
recommended. 

If  the  pulse  and  respiration  should  simultaneously  cease,  or  if 
respiration  should  show  signs  of  failure  immediately  or  almost 
immediately  after  the  disappearance  of  the  pulse  has  been  observed, 
artificial  respiration,  by  Silvester's  method,  should  be  at  once 
commenced,  in  preference  to  all  other  measures. 


PART  IV. 


THE  CONDITION  OF  THE  PATIENT  AFTER 
THE  ADMINISTRATION. 

We  have  seen,  in  considering  the  after-effects  of  each  anaesthetic, 
that,  when  the  administration  is  discontinued  and  fresh  air  admitted 
to  the  lungs,  a  kind  of  retrogression  in  the  patient's  symptoms 
commences.  A  true  retrogression  is  rarely  if  ever  observed — 
that  is  to  say,  a  patient  rarely  if  ever  displays,  in  reverse  order, 
precisely  the  same  symptoms  which  occurred  whilst  he  was  pass- 
ing under  the  influence  of  the  anaesthetic.  Speaking  generally, 
we  may  say  that,  when  the  anaesthetic  is  withdrawn  from  a 
deeply  anaesthetised  patient,  the  first  thing  usually  observed  is 
that  the  breathing  grows  quieter,  and  should  stertor  have  been 
present,  it  becomes  less  pronounced.  The  next  sign  of  recovery 
is  usually  the  re-appearance  of  the  lid-reflex.  Deglutition  move- 
ments sometimes  occur  first.  If  the  patient  be  left  undisturbed, 
the  pupil  generally  grows  smaller;  but  dilatation  may  occur, 
more  especially  if  the  patient  be  disturbed,  or  the  operation  be 
still  in  progress.  Dilatation  may  also  be  met  with  if  vomiting 
take  place.  The  globes  now  commence  to  move  from  their  fixed 
positions.  The  breathing  becomes  intermittently  obstructed,  from 
the  temporary  laryngeal  closure  incidental  to  swallowing.  Ex- 
piratory phonation  and  insph'atory  crowing  may  become  audible. 
Coughing,  retching,  or  actual  vomiting  may  follow. 

Recovery  from  anaesthesia  takes  place  with  a  degree  of  rapidity 
which  is  roughly  proportionate  to  the  previous  duration  of  the 
narcosis,  and  to  the  quantity  of  the  anaesthetic  which  has  been 
linhaled.  Other  factors  necessarily  come  into  play.  Patients 
with  good  respiratory  action,  a  brisk  circulation,  and  a  free  air- 
way, more  quickly  eliminate  the  anaesthetic  than  patients  differ- 
ently circumstanced.  One  test  of  a  proper  anaesthesia  having 
been  maintained  is  that  the  patient  should  soon  commence  to 
show  signs  of  recovery.  Should  he  remain  with  an  insensitive 
conjunctiva,  and  other  evidences  of  deep  anaesthesia,  for  some 
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time  after  the  administration,  we  may  be  pretty  certain  that  an 
unnecessarily  large  dose  of  the  anesthetic  has  been  given. 

I  find  it  an  excellent  practice,  when  circumstances  permit,  to 
turn  the  patient  well  upon  his  side  immediately  after  a  surgical 
operation,  i.e.,  whilst  he  is  still  under  the  anaesthetic.  This  is 
the  position  which  Dr.  Bowles 1  so  strongly  recommends  in 
apoplectic  seizures.  Stertor  at  once  ceases ;  the  tongue  gravitates 
to  the  side  of  the  mouth  j  a  free  air-way  is  established ;  mucus 
and  saliva  are  not  swallowed  ;  coughing  is  prevented  ;  and  should 
vomiting  occur,  any  vomited  matter  will  readily  find  an  escape 
without  interfering  with  breathing.  If  the  patient's  head  be 
allowed  to  remain  in  the  mid-line,  and  more  especially  if  his  chin 
be  permitted  to  rest  more  or  less  upon  his  sternum,  breathing 
cannot  take  place  freely,  and  recovery  will  therefore  be  tardy  and 
unsatisfactory. 

If  the  patient  has  been  in  the  sitting  position,  as  for  a  dental 
operation,  he  should  be  bent  well  forwards  in  the  chair  directly 
the  operation  is  over,  in  order  to  facilitate  the  escape  of  blood 
from  the  mouth. 

It  is  important  that  the  administrator  should  stay  by  his 
patient  till  distinct  signs  of  recovery  have  manifested  themselves. 
As  a  general  rule  he  should  remain  till  some  semi-voluntary 
action  takes  place,  till  vomiting  has  occurred,  or  till  moaning 
sounds  are  made.  Temporarily  obstructed  breathing  is  common 
whilst  patients,  and  more  especially  certain  types  of  patients,  are 
emerging  from  anaesthesia  It  is  hence  necessary  for  the  adminis- 
trator to  conduct  his  patient  safely  through  the  stage  of  retching; 
to  push  the  jaw  forwards ;  and  to  clear  the  mouth  if  occasion 
should  require. 

Pallor  and  feebleness  of  pulse  after  the  administration  are 
often  connected  with  vomiting.  They  may,  however,  depend 
upon  other  causes,  e.g.,  the  patient's  general  condition,  the  opera- 
tion, &c.  Moreover,  we  must  remember  that  both  ether  and 
chloroform,  and  more  especially  the  former,  act  as  stimulants  to 
feeble  subjects ;  and  that  immediately  the  stimulant  is  removed 
the  circulation  will  inevitably  flag  to  a  greater  or  less  degree. 
We  must  not  lose  sight  of  this  fact  in  dealing  with  very  exhausted 
subjects,  and  we  must  carefully  watch  them  after  the  anaesthesia 
is  at  an  end.  In  critical  cases  care  should  be  taken  to  keep  the 
head  low  and  the  patient  very  warm.  Hot-water  bottles  and 
blankets  should  be  applied ;  free  respiration  maintained ;  the 
lips  rubbed  with  brandy  and  water ;  or  an  enema  of  brandy  and 
beef-tea  given.    Hot-water  bottles  should  always  be  enveloped 
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in  blankets ;  otherwise  there  will  be  a  risk  of  inflicting  injury  to 
the  skin  of  the  still  unconscious  patient.  I  have  known  the 
subcutaneous  injection  of  the  tincture  of  digitalis  to  be  of  marked 
benefit  in  a  case  of  severe  surgical  shock  after  an  operation ;  but 
the  treatment  of  this  condition  hardly  comes  within  the  scope  of 
our  inquiry. 

After  the  use  of  ether  or  chloroform  for  a  surgical  operation, 
no  nourishment  should  be  given  by  the  mouth  for  about  four 
hours,  and  if  at  the  expiration  of  this  period  the  patient  should 
be  disinclined  for  food,  another  hour  or  even  longer  may  be 
allowed  to  elapse.  Some  clear  soup  or  broth  may  then  be 
allowed.  Properly  made  beef-tea,  to  which  a  small  quantity  of 
a  reliable  meat  extract  has  been  added,  will  be  found  to  answer 
well.  Soda-water  with  milk  is  sometimes  preferred  to  soup  or 
beef-tea.  After  short  administrations  some  tea  or  coffee  with 
dry  toast  may  be  permitted.  Eggs,  milk,  or  bread  and  butter 
may  induce  vomiting,  and  are  best  avoided  till  the  following  day. 

As  the  prevention  and  treatment  of  nausea,  retching,  and 
vomiting  are  matters  of  considerable  importance,  not  only  to 
the  patient  but  to  the  surgeon,  a  few  remarks,  in  addition  to 
those  which  have  already  been  made  in  previous  pages,  con- 
cerning the  causation  of  these  unpleasant  sequelae  may  not  be 
out  of  place.  Unfortunately  our  knowledge  is  very  scanty — far 
scantier  than  it  should  be  upon  such  a  subject. 

In  the  first  place  it  is  hardly  necessary  to  point  out  that  the 
presence  of  food,  &c,  within  the  stomach  ckiring  the  administra- 
tion is  the  most  frequent  cause  of  after-sickness.  When  the  diet 
has  been  properly  regulated,  in  accordance  with  the  rules  laid 
down  on  p.  74,  after-vomiting  is  exceptional.  When  solids  or 
liquids  are  present  in  the  stomach  during  the  administration,  not 
only  may  the  administrator  have  difficulty  in  obtaining  a  proper 
and  quiet  anaesthesia,  but  after-sickness  will  probably  be  trouble- 
some. As  a  curious  and  interesting  fact,  however,  I  may  say  that 
I  have  met  with  one  or  two  cases  in  which  vomiting  after  ether 
was  conspicuously  absent,  even  though  the  patients  had  quite 
recently  taken  solid  food.  Such  cases  are  very  exceptional.  As 
is  well  known,  patients  operated  upon  in  the  early  morning,  when 
the  stomach  is  quite  empty,  are  less  prone  to  after-vomiting  than 
those  operated  upon  later  in  the  day.  I  have  repeatedly  noticed 
that  patients  anaesthetised  at  8  a.m.  are  very  rarely  attacked  by 
nausea  and  retching  afterwards — a  fact  which  may  probably  be 
explained  by  supposing  that  tea,  coffee,  &c,  which  may  be  con- 
sidered necessary  before  operations  fixed  for  9  a.m.  or  later,  have 
not  been  given.  When  much  blood  has  passed  into  the  stomach 
during  the  operation,  vomiting  will  almost  certainly  follow; 
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and  the  same  is  more  or  less  true  with  regard  to  mucus  and 
saliva. 

Secondly,  as  to  the  anaesthetic  itself,  we  have  seen  (p.  m) 
that  of  all  the  anaesthetics  nitrous  oxide  is  least  likely  to  be 
followed  by  vomiting,  but  there  are  certain  highly  exceptional 
cases  in  which  even  this  anaesthetic  cannot  be  inhaled  without 
nausea  and  retching  occurring.  Moreover,  the  longer  the  in- 
halation, the  greater  will  be  the  tendency  to  vomit — hence  the 
slightly  greater  liability  to  this  symptom  when  nitrous  oxide 
is  inhaled  with  oxygen.  With  regard  to  ether  and  chloroform, 
we  may  say  that  the  administration  of  the  former  is  more  often 
followed  by  transient  retching  than  the  administration  of  the 
latter.  But,  as  has  been  pointed  out,  severe,  protracted,  and 
dangerous  vomiting  is  more  common  after  chloroform. 

Thirdly,  some  patients  are  far  more  prone  to  these  after-effects 
than  others.  Rosy-cheeked  children,  young  women  of  good  colour 
and  full  lips,  and  flabby-looking  individuals  with  an  unhealthy 
and  dusky  appearance  are  much  more  liable  to  after-vomiting 
than  others.  Such  patients  nearly  always  secrete  large  quantities 
of  mucus  and  saliva.  Thin,  spare,  and  sallow  patients,  those  who 
have  become  anaemic  from  exhausting  disease,  as  well  as  aged 
persons,  are  not  often  sick  after  anaesthetics.  Patients  of  '  bilious ' 
habit  often  suffer  a  good  deal  after  ether  or  chloroform — a  fact 
recognised  by  Snow.1  The  administration  of  an  appropriate  purga- 
tive (p.  77)  is  said  to  diminish  the  chances  of  after-sickness.2 

Fourthly,  the  nature  of  the  operation  may  have  its  influences. 
Patients  who  have  undergone  operations  in  which  the  intestines 
have  been  freely  manipulated  are  said  by  some  to  be  specially 
liable  to  after-vomiting.  I  am  also  informed  by  one  of  our 
leading  obstetric  physicians  that  the  operation  of  oophorectomy 
specially  predisposes  to  after-sickness  of  varying  degrees  in  diffe- 
rent cases.  Dr.  Sheppard  states  in  his  notes  that  he  found 
vomiting  to  be  rare  after  mouth  and  jaw  operations ;  and  Mr. 
Rigden  (footnote,  p.  169)  makes  the  same  observation. 

Fifthly,  the  kind  of  anaesthetic  employed  must  be  considered. 
Although  it  is  difficult  to  speak  positively  upon  the  point,  I 
believe  that  pure  ethylic  ether  is  less  frequently  followed  by 
nausea  and  vomiting  than  the  so-called  '  Pure  Methylated '  ether  ; 
and  it  is  probable  that  certain  kinds  of  chloroform  may  be  simi- 
larly superior  to  others  in  this  respect. 

Lastly,  jolting  the  patient  about  during  recovery  from  deep 

1  Op.  cit. 

2  I  am  told  by  a  head-nurse  at  one  of  the  surgical  homes  that  this  is  an 
important  point  in  the  avoidance  of  vomiting. 
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anaesthesia  will  often  induce  vomiting.  It  is  important,  there- 
fore, that  the  patient  should,  whenever  circumstances  permit,  be 
left  undisturbed  for  some  considerable  time  after  the  administra- 
tion has  been  concluded.  The  custom  of  moving  patients  from 
the  operating-table  to  the  bed  immediately  after  the  operation  is 
open  to  the  objection  that  it  often  leads  to  vomiting.  I  have 
frequently  known  vomiting  to  be  set  up  by  simply  moving  the 
bed  back  to  its  position  just  after  the  operation. 

If,  then,  we  wish  to  avoid  after-vomiting,  the  previous  diet  of 
the  patient  should  be  carefully  regulated,  and  an  appropriate 
laxative  or  purgative  given ;  a  deep  anaesthesia  with  the  purest 
anaesthetic  should  be  maintained,  with  the  head  upon  its  side,  in 
order  to  avoid  the  swallowing  of  mucus  and  saliva ;  the  patient 
should  be  turned  upon  his  side,  if  possible,  immediately  the 
operation  is  completed ;  and  he  should  then  be  allowed  to  remain 
undisturbed  in  order  that  he  may  sleep  off  the  effects  of  the 
anaesthetic. 

But  if  nausea  and  vomiting  arise,  and  prove  distressing  to 
the  patient,  an  endeavour  must  be  made  to  relieve  them.  It  is 
best,  in  the  first  instance,  to  give  about  five  or  six  ounces  of  hot 
water  to  drink.  Small  pieces  of  ice  were  formerly  advocated, 
but  hot  water  seems  more  efficacious.  I  have  frequently  known 
a  draught  of  hot  water  to  immediately  and  finally  arrest  distress- 
ing retching.  Should  it  not  do  so,  some  strong  hot  coffee  without 
milk  or  sugar  may  be  next  tried.1  I  have  notes  of  a  case  in 
which  this  treatment  allayed  vomiting  which  had  lasted  for 
twenty-four  hours.  When  it  does  not  relieve,  I  have  known  10- 
15  grs.  of  bicarbonate  of  soda  in  very  hot  water  to  answer  well. 
I  have  also  notes  of  a  case  in  which  obstinate  after-sickness  was 
immediately  stopped  by  champagne ;  and  a  case  has  been  reported 
to  me  by  a  surgeon,  in  which  obstinate  nausea  and  retching  after 
chloroform  yielded  to  small  doses  of  oxalate  of  cerium,  after  other 
remedies  had  failed.  Kappeler  recommends  the  application  of 
an  ice-bag  to  the  epigastrium  for  aftei'-sickness ;  but  I  have  had 
no  experience  of  this  remedy.  I  find  that  the  disagreeable  taste 
left  in  the  mouth  after  the  inhalation  of  ether  is  best  treated  by 
giving  the  patient  very  thin  slices  of  lemon  with  which  to  moisten 
■.his  lips  from  time  to  time. 

Incautious  ventilation  should  be  avoided,  owing  to  the  risk 
which  would  otherwise  result  of  giving  the  patient  bronchitis,  or 
even  pneumonia,  The  room  should  be  kept  as  quiet  and  dark  as 
possible,  in  order  to  encourage  natural  sleep. 

The  special  after-effects  of  each  anaesthetic  have  been  consi- 

1  Dr.  Buxton  ('  Anaesthetics ')  speaks  highly  of  the  addition  of  bicarbonate 
of  soda  to  coffee. 
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dered  in  Part  II.  of  this  treatise.  Hysterical  and  other  forms 
of  excitement  are  referred  to  on  pp.  1 1 1,  171,  and  236  ;  bronchitis, 
pneumonia,  and  pulmonary  oedema  on  pp.  170  and  236;  albu- 
minuria, nephritis,  and  glycosuria  on  pp.  112,  170,  and  236; 
hemiplegia  and  aphasia  on  pp.  112  and  171;  choreiform  move- 
ments on  p.  171  ;  and  insanity  on  pp.  112,  171,  and  236. 
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Abdomen,  A.  C.  E.  mixture  in  disten- 
sion of,  247. 

 evacuation  of  fluid  from,  51,  247. 

 flushing  out,  52. 

 patients  suffering  with  distension 

of,  25,  28,  51,  247. 

Abdominal  surgery,  ansesthetics  in, 

49'  73-  ,  x.    .  . 

Abscesses,  anesthetics  for  opening,  06. 
Accidents  connected  with  circulation, 

management  and  treatment  of,  314 

et  seq. 

 connected  with  respiration,  man- 
agement and  treatment  of,  286. 

 during  the  use  of  Junker's  inhaler, 

I9S- 

A.  C.  E.  mixture,  242  et  seq. 

 administration  of,  244. 

 advocated  for  routine  use,  246. 

 after-effects  of,  249. 

 cases  suitable  for,  72,  73,  245. 

 circulation  under,  245. 

 Clover's  inhaler  not  applicable 

for,  244. 

  compared  with  chloroform,  244, 

245-  ,  ,  „ 
  conjunctival  and  corneal  reflex 

under,  245. 

 '  crowing '  breathing  under,  245. 

  dangers  connected  with  use  of, 

249. 

 deaths  under,  249. 

 effects  produced  by  the,  244. 

 followed  by  ether,  254  et  seq.  ; 

administration,    256  ;  advantages, 

255  ;  cases  suitable  for,  70,  255. 
 guides  as  to  depth  of  anaesthesia 

under  the,  245. 
 in  extreme  abdominal  distension, 

247. 

 in  heart  disease,  26,  72,  248. 

— +-  in  obesity,  72. 
 in  old  age,  72. 

 in  patients  with  narrowing  of 

trachea,  246. 

 in  pulmonary  affections,  72,  248. 

 Ormsby's  inhaler  not  appropriate 

for,  244. 


A.  C.  E.  mixture,  properties  of,  243. 

 pulse  under,  245,  248. 

 pupils  under,  245,  247. 

 respiration  under,  245. 

 signs  of  anaesthesia  under,  245  et 

seq. 

  specific  gravities  of  constituents 

of,  243. 

 time  taken  to  produce  anaesthesia 

by,  244. 

Actual  cautery,  application  of,  67,  71. 
Acupuncture  of  the  heart,  326. 
Adenoid  growths  of   the  pharynx, 
ansesthetics  for  removal  of,  39,  67, 
257  >  position  of  patient  during  re- 
moval of,  39. 
Administration  of  amylene,  264. 

 of  'bichloride  of  methylene,'  251. 

 of  bromide  of  ethyl,  260. 

 of  chloroform,  186  et  seq. 

   after  morphine,  275. 

 by  Junker's  inhaler,  198. 

 during  sleep,  193. 

 effects  produced  by,  202  et 

seq. 

 from  corner  of  towel,  189, 

191,  192. 

 from  cloth  or  folded  towel, 

188,  189. 

 from  lint,  191,  192. 

 from  Skinner's  mask,  190, 

192. 

 in  mouth  and  nose  opera- 
tions, 35,  198,  199,  200,  201. 

 of  ether  after  nitrous  oxide,  175 

et  seq. 

—         by  '  close  '  methods,  138, 

172,  173. 

 by  Clover's  portable  inhaler, 

144. 

 by  '  open '  methods,  135, 

174- 

 by  Ormsby's  inhaler,  150. 

 of  ethidene  dichloride,  262. 

 of  mixtures  of  chloroform  and 

ether,  242. 

  of  mixtures  of  chloroform  and 

ethylic  alcohol,  242. 
333 


334 


GENERAL  INDEX. 


Administration  of  morphine  before 
anaesthetics,  271  et  seq.,  275. 

 of  nitrogen,  268. 

    with  small  quantities  of 

oxygen,  268. 

 of  nitrous  oxide  before  ether,  175 

et  seq.  ;  by  Clover's  combined  appa- 
ratus, 176 ;  by  means  of  a  gas-bag 
attached  to  Clover's  portable  inhaler, 
182  ;  by  means  of  a  nitrous  oxide 
apparatus  and  an  Ormsby's  ether  in- 
haler, 180 ;  in  dental  practice,  184. 

  nitrous  oxide  free  from  oxygen, 

90  et  seq. 

 of  oxygen  as  a  restorative,  311. 

 of  oxygen  with  nitrous  oxide,  at 

ordinary  atmospheric  pressure,  124. 
 under  increased  pressure 

(Paul  Bert's  method),  116. 

 of  pontal,  266. 

 of  the  A.  C.  E.  mixture,  244. 

 before  ether,  256  et  seq. 

Advantages  of  administering  nitrous 

oxide  before  ether,  175. 
 oxygen  with  nitrous  oxide, 

68,  69,  114,  115. 
 the  A.  C.  E.  mixture  before 

ether,  255. 

 morphine  before  chloroform,  272. 

Ad  ventitious  substances  in  air-passages. 

{See  Entry  of  foreign  bodies  into 

larynx.) 
./Ether.    (Sec  Ether.) 
jEther  purus,  6. 
After-condition  of  patient,  327. 
After-effects  of  amylene,  266. 
 of  anaesthetics  in  abdominal  sur- 
gery, 50. 

 of  bromide  of  ethyl,  260,  262. 

 of  chloroform,  235  et  seq. 

 compared  with  those  of  ether, 

235,  236. 

 of  ether,  137,  168  et  seq. 

 of  ethidene  dichloride,  264. 

 of    nitrous  oxide  administered 

with  oxygen,  131. 
 of  nitrous  oxide  free  from  oxygeD, 

in. 

 of  pental,  267. 

 of  the  A.  C.  E.  mixture,  249. 

Age,  influence  of,  15,  16,  17,  215. 
Aged  persons,  choice  of  anaesthetics  in, 
17,  72. 

Air,  administration  of  nitrous  oxide 
with,  112  et  seq. 

 entry  of,  into  veins  during  anaes- 
thesia, 47,  227  (footnote). 

Air-passages,  state  of,  before  adminis- 
tration, 22. 

Aire  nasi,  falling  together  of  the,  287, 
288. 


Albuminuria  after  chloroform,  236. 

 ether,  170. 

Alcohol  as  a  restorative,  86,  324,  325. 

 before  the  administration,  76. 

 chloroform,  and  ether,  mixed,  242. 

 customarily  added  in  small  quan- 
tities to  chloroform,  8,  11. 

Alcoholic  subjects,  use  of  anaesthetics 
in,  18,  57,  193,  203,  281. 

Alcohol,  mixtures  consisting  of  chloro- 
form and,  241. 

Allis's  ether  inhaler,  136. 

Altered  position  of  parts  about  the 
upper  air -passages  causing  em- 
barrassed and  obstructed  respira- 
tion, 287  et  seq. 

Ammonia  as  a  restorative,  86,  324. 

Amyl  chloride  as  an  anaesthetic,  270. 

Amylene.    (See  ateo  Pental. ) 

 administration  of,  264. 

 after-effects  of,  266. 

 analgesia  under,  265. 

 cardiac  failure  under,  266. 

 cases  suitable  for,  265. 

 compared  with  chloroform,  265. 

 dangers  connected  with  the  ad- 
ministration of,  266. 

 deaths  under,  266. 

 discovery  of,  13. 

 effects  produced  by,  264. 

 first  used  as  an  anaesthetic,  264. 

 muscular  system  undei-,  265. 

 objections  to,  265. 

 pulse  under,  265. 

 pupils  under,  265. 

 properties  of,  13. 

 respiration  under,  265. 

 vomiting  after,  266. 

Amyl  hydride  as  an  anaesthetic,  270. 

 nitrite  as  a  restorative,  86,  324. 

Anaemic  subjects,  use  of  anaesthetics 
in,  21,  80. 

Anaesthesia,  recovery  from,  327. 

Anaesthetic  mixtures.    (See  Mixtures. ) 

Anaesthetics,  frequent  inhalation  of, 
19- 

Analgesia,  cases  suitable  for,  52,  54, 
58,  31°. 

 from  combined  effects  of  morphine 

and  chloroform,  272. 

 in  cerebral  surgery,  54. 

 in  mouth  operations,  272. 

 in  natural  labour,  54. 

 under  amylene,  265. 

 under  chloroform,  54. 

 under  ether,  153,  316. 

 under  pental,  267. 

Analysis  of  contents  of  nitrous  oxide 

bag  after  re-breathing,  101, 
 of  twenty-seven  fatalities  under 

ether,  158. 
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Analysis  of  210  fatalities  under  chloro- 
form, 215  et  seq. 

Ankle-clouus  under  nitrous  oxide,  105. 

Anterior  nares,  forcible  dilatation  of, 
67. 

Antrum,  operations  upon  the,  201. 
Aneurysm,  patients  suffering  from,  23, 
26,  27. 

Aneurysmal  pressure  upon  trachea,  23. 
Aphasia  after  chloroform,  236. 
Apoplectic  seizures  during  anaesthesia, 

73,  112  (footnote),  162,  171,  314. 
Apparatus  for  administering  bromide 

of  ethyl,  260. 
 chloroform,   186    et    seq. ; 

Clover's,     188 ;     Junker's,      194 ; 

Skinner's,  190  ;  Snow's,  187. 
 ether,  135  et  seq.  ;  Allis's, 

136;  Clover's  portable,  139;  Ormsby's, 

148  ;  Rendle's,  136. 

 ethidene  dichloride,  263. 

 nitrogen,  268. 

 nitrous  oxide,  90  et  seq. 

 nitrous  oxide  and  ether,  176, 

180,  182 ;  Clover's  combined,  176, 

177. 

 nitrous  oxide  and  oxygen  at 

ordinary  atmospheric  pressures,  121 
et  seq.  ;  Hillischer's,  120;  under  in- 
creased atmospheric  pressure  (Paul 
Bert's),  116. 

 the  A.  C.  E.  mixture,  244. 

 before  ether,  255. 

Appliances  which  should  be  iu  readi- 
ness, 81. 

Apprehension,  influence  of,  in  causing 
fatal  symptoms  under  chloroform, 
223. 

Arterial  disease,  anaesthetics  in,  26, 
73,  3*4i 

Artificial  respiration  by  chest-com- 
pression, 308. 

 by  direct  inflation,  309. 

 by  faradism  of  phrenics,  311. 

 by  Howard's  method,  309. 

 by  immediate  insufflation, 

3"- 

 ■  by  Marshall  Hall's  method, 

309- 

 —  by  Pacini's  method,  308. 

 by  Silvester's  method,  305 

et  seq. 

\ — ■  ■  in  the  treatment  of  circu- 
lator^ failure,  326. 

 kept  up  for  four  hours,  274. 

 recovery    after  prolonged, 

274,  3J3- 

Artificial  teeth,  entry  of,  into  larynx 
during  anaesthesia,  302. 

 removal  of,  before  admini- 
stration, 81. 


Arytreuo-epiglottidean  folds,  falling 
together  or  spasm  of,  219,  222,  288, 
292. 

Ascites,  anaesthetics  in,  25. 
Asphyxial  complications,  a  cause  of 
circulatory  failure,  321. 
j  ' —  due  to  foreign  bodies  in  air- 
passages,  296  et  seq. 
!  under  anaesthetics.  (See  Res- 
piratory embarrassment  and  failure. ) 

j  under  chloroform,  219  et  seq., 

226. 

 ■  under  ether,  159,  160,  161. 

 under  nitrous  oxide,  108, 

114,  115. 

Asthma,  patients  suffering  from,  24. 

Atheroma,  patients  with,  26,  73,  314. 

Atropine  and  morphine  before  chloro- 
form, 273,  275. 

 as  a  restorative,  86. 

Avulsion  of  toe-nails  and  finger-nails, 
67. 

Bag,  '  supplemental,  'for  administering 

nitrous  oxide,  93,  94. 
Belladonna,  used  in  conjunction  with 

chloroform,  271. 
Benzene  as  an  anaesthetic,  270. 
Bert's  apparatus   for  administering 

nitrous  oxide  and  oxygen,  117. 
Bicarbonate  of  soda  in  the  treatment 

of  after-vomiting,  331. 
'Bichloride  of  methylene,'  adminis- 
tration of,  251. 

 after-effects  of,  251. 

 a  mechanical    mixture  of 

chloroform  and  alcohol,  250. 
 compared  with  chloroform, 

251. 

 composition  of,  249. 

 dangers  connected  with  the 

use  of,  252. 

 death-rate  of,  62. 

 deaths  under,  252. 

 effects  produced  by,  250. 

 inapplicable  in  some  cases, 

251,  252. 

 properties  of,  249. 

Biliary  colic,  anaesthetics  in,  58. 

Billroth's  mixture,  249. 

Bladder,  operations  upon  the,  52,  248, 

280. 

 state  of,  before  administration, 

77- 

Blood,  entry  of,  into  larynx,  36,  297. 

 loss  of,  during  anaesthesia,  32,  33 

3iS,  316. 

Boiling-point  of  amylene,  13. 

 of  'bichloride  of  methy- 
lene,' 249,  250. 

 of  bromide  of  ethyl,  12. 
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Boiling-point  of  chloroform,  8. 

 of  ether,  3. 

 of  ethidene  dichloride,  13. 

Bowels,  obstruction  of.  (See  Intes- 
tinal obstruction. ) 

 state  of,  before  administration,  77. 

Brain,  operations  upon  the.  (Sec 
Cerebral  surgery. ) 

 patients  suffering  from  diseases 

of,  28. 

Braine's  method — nitrous  oxide  and 

ether  in  succession,  180. 
Brandy  before  the  administration,  76. 

(See  also  Alcohol. ) 
Breast,  operations  upon  the,  316,  318, 

320. 

Breathing.    (See  Respiration.) 
Bright's  disease,    patients  suffering 
from,  29. 

Bromide  of  ethyl,  absence  of  early 
excitement  under,  261. 

 accidents  from,  261. 

 administration  of,  259,  260. 

 after-effects  of,  260,  262. 

 cases  suitable  for,  260. 

 circulatory  failure  under,26i. 

 compared  with  other  anes- 
thetics, 262. 

 dangers  connected  with  the 

use  of,  261. 

 deaths  under  or  followiug, 

261. 

 decomposition  of,  12. 

 discovery  of,  12. 

 effects  produced  by,  259. 

 first  used  as  an  anesthetic, 

259. 

 gastro  -  intestinal  irritation 

after,  261. 

 in  dental  surgery,  43,  259. 

 properties  of,  12. 

 respiratory  failure  under, 

261. 

 signs  of  anaesthesia  under, 

260. 

 vomiting  after,  262. 

Bronchial  affections  after  chloroform, 
236. 

 after  ether,  137,  17°- 

Bronchitis,  administration  to  patients 
■with,  23,  24,  71,  79,  248. 

 choice  of  anaesthetics  in  chronic, 

71,  248. 

Buccal  stertor,  288,  289. 

Buxton's  modification  of  Junker's  in- 
haler, 197- 

Cardiac  failure.  (See  Circulatory 
failure.) 

Carter  Braine's  modification  of  Jun- 
ker's inhaler,  197. 


Carter's  oral  uet-spoou,  86. 

Case  illustrating  the  administration  of 
chloroform  to  a  patieut  with  dysp- 
noea, due  to  an  enlarged  thyroid, 
239- 

 the  administration  of  chloro- 
form to  a  patient  with  morbus  cordis, 
238. 

 the  administration  of  ether 

to  an  infant,  174. 

 the  administration  of  ether 

to  a  patient  with  empyema,  174. 

 the  administration  of  ether 

to  a  patient  with  morbus  cordis  and 
orthopncea,  174. 

 the  administration  of  the 

A.  C.  E.  mixture  and  ether  to  a 
little  child,  for  the  removal  of  ton- 
sils and  post-nasal  growths,  257. 

 the  administration  of  the 

A.  G.  E.  mixture  and  ether  to  a  very 
powerfully  built  man,  257. 

 the  administration  of  the 

A.  C.  E.  mixture  in  extreme  abdo- 
minal distension,  247. 

 the  administration   of  the 

A.  C.  E.  mixture  to  a  patient  suffer- 
ing from  chronic  bronchitis,  emphy- 
sema, and  dilated  and  fatty  heart, 
248. 

 ■  the  administration  of  the 

A.  0.  E.  mixture  to  a  patient  suffer- 
ing from  pressure  upon  the  trachea, 
246. 

 the  administration  of  the 

A.  C.  E.  mixture  to  a  patient  with 
acute  peritonitis  and  abdominal  dis- 
tension, 247. 

 the  dependence  of  the  lid- 
reflex  upon  the  nature  of  the  opera- 
tion, 239. 

 the  effects  produced  by  mor- 
phia and  chloroform  in  a  patient  who 
was  semi-comatose,  from  a  cerebral 
tumour,  273. 

 the  management  of  respira- 
tory difficulties,  due  to  an  absence 
of  nasal  breathing,  increased  size  of 
tongue,  and  impossibility  of  pushing 
lower  jaw  forwards,  293. 

 the  occurrence  of  arrest  of 

breathing,  probably  arising  from 
direct  vagus  irritation,  304. 

 the  occurrence  of  circulator}' 

failure  under  nitrous  oxide,  in  a 
patient  with  aortic  disease,  321. 

 the  occurrence  of  obstructed 

breathing  in  a  flabby  alcoholic  sub- 
ject, the  obstruction  being  due  to 
spasm  of  jaw-muscles  briugin;;  the 
tongue  against  the  pharynx,  294. 
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Case  illustrating  the  occurrence  of 
reflex  cardiac  inhibition  during  the 
removal  of  the  breast  under  ether, 
3r7- 

 the    occurrence    of  reflex 

laryngeal  closure  under  chloroform, 
294. 

  the    occurrence    of  severe 

surgical  shock  during  ansesthesia, 
the  shock  coining  on  in  the  course 
of  nephrectomy  under  ether,  316, 
3*7- 

■  the  occurrence  of  temporary 

reflex  cardiac  inhibition  during 
the  incision  for  Syme's  amputation 
under  ether,  318. 

Cases  illustrating  the  administration 
of  ether  by  the  '  close '  method, 
172,  173. 

 the  administration  of  ether 

by  the  '  open '  method,  174. 

 ■  the  administration  of  oxygen 

with  nitrous  oxide  at  ordinary  pres- 
sures, 133,  134. 

 the  administration   of  the 

A.  C.  E.  mixture  in  heart  disease, 
248. 

 the  objections  to  adminis- 
tering an  opiate  whilst  the  patient 
is  still  under  the  anaesthetic,  274, 

275- 

 the  occurrence  of  circulatory 

depression  from  severe  haemorrhage, 
3*5,  316. 

 the  occurrence  of  reflex  car- 
diac depression  under  chloroform, 
probably  caused  by  vagus  irritation, 
3l8>  3r9- 

 ■  the  ordinary  course  of  symp- 
toms during  the  administration  of 
chloroform  for  a  surgical  operation, 
237- 

Cases  suitable  for  amylene,  265. 

 for  bromide  of  ethyl,  260. 

 for  chloroform  or  mixtures 

containing  chloroform,  71. 

 for  ether,  69. 

 for  nitrous  oxide,  66. 

 for  nitrous  oxide  and  oxygen, 

69. 

 for  the  A.  C.  E.  mixture, 

72,  73,  245  ct  seq. 
 for"  the  A.  C.  E.  mixture 

followed  by  ether,  70,  255. 
Catalepsy  after  anaesthetics,  112. 
Catarrhal,  bronchial,  and  pulmonary 

complications  after  ansesthesia,  170, 

236. 

Catheterisation,  nitrons  oxide  in,  67. 
Cattlin's  bag  for  nitrous  oxide,  93. 
Causation  of  nausea,  retching,  and 


vomiting  after  anaesthetics,  general 

remarks  on,  329  et  seq. 
Causes  of  circulatory  depression  and 

failure,  general  summary  of,  314. 
 of    nou-obstructive  respiratory 

failure  (summary),  303. 
 of  obstructive  respiratory  failure, 

287  et  seq. ,  296  et  seq. 
Cautery,  application  of  actual,  67,  71. 
Cerebral   disease,   patients  suffering 

from,  28. 

  haemorrhage  under  anaesthetics, 

26,  162. 

 surgery,  anaesthetics  in,  53,  73, 

272,  273 ;  morphine  before  chloro- 
form, 272,  273. 
Cervix  uteri,  dilatation  of  the,  321 

(footnote). 
Champagne  in  the  treatment  of  after- 
vomiting,  331. 

Cheeks,  operations  upon  the,  34,  37. 

Chest  -  compression  as  a  restorative 
measure,  292,  298,  304,  308. 

Cheyne-Stokes  respiration  after  anaes- 
thesia, 275. 

Children,  administration  of  anaesthetics 
to,  16,  44,  147,  193,  257. 

 dental  operations  upon,  44. 

Chloral,  patients  addicted  to,  18. 

Chloroform,  accidents  under.  (See 
Chloroform,  dangers  connected  with 
the  administration  of.) 

 administration  of,  by  gaslight,  10  ; 

during  sleep,  193  ;  from  cloth  or 
towel,  189,  191,  192  ;  from  Junker's 
inhaler,  198  ;  from  lint,  191,  192  ; 
from  Skinner's  mask,  190,  192,  193  ; 
in  mouth  and  nose  operations,  35, 
198,  199,  200,  201  ;  to  vigorous  sub 
jects,  214. 

 advantages  of  deep  anaesthesia 

under,  228,  234,  235. 

 after-effects  of,  235  et  seq. 

 after  ether,  35. 

 albuminuria  after,  236. 

 alcohol  usually  present  in,  8,  11. 

 analysis  of  210  fatalities  under, 

215  et  seq. 

  and  morphine,  271  et  seq. ;  in 

cerebral  surgery,  54,  272,  273;  in 
operations  about  the  mouth,  42. 

 aphasia  after,  236  (footnote). 

 apparatus  for  the  administration 

of,  186  et  seq. 

 asphyxia]    complications  under, 

219  et  seq.,  226. 

 average  size  of  pupil  under,  233. 

 before  ether,  253. 

 boiling-point  of,  8. 

  bronchial  and  pulmonary  affec- 
tions after,  236, 

Y 
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Chloroform,  cases  suitable  for,  71,  72, 
73- 

 causes    of    circulatory  failure 

under,  223. 
 circulation  under,  204,  206,  212, 

234- 

■  circulatory  failure  connected  with 

vomiting  under,  193,  225. 

 circulatory  failure  under,  33  (foot- 
note), 212,  218,  219,  220,  223  et  seq. 

 clonic  movements  under,  221. 

 colour  of  features  under,  210,  234. 

 compared  with  ether,  62  et  seq., 

152,  213,  219. 

 compared  with  the  A.  C.  E.  mix- 
ture, 244,  245. 

  concentrated  vapour  of,  214,  218. 

 conjunctival  and  corneal  reflex 

under,  210,  231,  239. 

  '  crowing  '  breathing  under,  206, 

221,  230. 

  cyanosis  under,  210,  218,  223,  234. 

 dangers  connected  with  the  ad- 
ministration of,  211  et  seq. 

 dangers  of  embarrassed  breathing 

under,  226. 

 dangers  of  light  anaesthesia  under, 

228. 

 deaths  under.    (See  Deaths.) 

 decomposition  of,  8,  10,  n. 

 degree  or  stages  iu  the  adminis- 
tration of,  203  et  seq. 

 delirium  after,  236. 

 dependence  of  circulation  upon 

respiration  under,  226,  234. 

 deptli  of  anaesthesia  necessary  for 

surgical  operations  under,  227. 

 detection  of  impurities  in,  10,  11. 

 differences  between  effects  of,  in 

man  and  lower  animals,  212. 

 ■  disadvantage  of  too  sparing  a  use 

of,  193,  225,  228,  235. 

 discovery  of,  8. 

  drop-bottles  for  the  administra- 
tion of,  191,  192. 

 effects  produced  by,  202  et  seq. 

 excitement  and  struggling  under, 

203,  221,  226,  228. 

 expirations  uuder,  230. 

 fixity  of  chest  under,  219,  222. 

 followed  by  ether,  69,  253. 

 glycosuria  after,  236. 

 guides  in  the  administration  of, 

228. 

 heart's  action  under  (See  Chloro- 
form, circulation  under.) 

 hints  as  to  feeling  the  pulse  during 

the  administration  of,  234. 

 Hyderabad  Commission  on,  212, 

218,  220  (footnote),  226. 

 'idiosyncrasy,'  213. 


Chloroform,  impurities  of,  9. 

 inaudible  breathing  under,  229. 

 •  influence    of    fear   and  mental 

emotion  during  the  use  of,  224. 
 inhalers,  Clover's,  188;  Junker's, 

194  et  seq.  ;  Skinner's,  190;  Snow's, 

187. 

 in  natural  labour,  54. 

 intermittent  and  sparing  use  of, 

193,  204. 

 jaundice  after,  236. 

 laryngeal  closure  under,  206,  219, 

221  et  seq.,  294. 

 loss  of  speech  after,  236. 

 maniacal  attacks  after,  236. 

 mental  and  muscular  excitement 

after,  236. 
 methods  of  administering,  186  et 

seq. 

 mixed  with  alcohol  and  ether,  242 

et  seq. 

 mixed  with  ether,  242. 

 mixtures,  240  et  seq. 

 muscular  rigidity  uuder,  203,  214, 

220,  227,  229. 
 muscular  system  under,  203,  210, 

214,  221,  227,  229,  279  et  seq. 
 nausea,  retching,  and  vomiting 

after,  235,  330. 
 objections  to  a  light  anaesthesia 

under,  228. 
 observation  of  pulse  under,  212, 

213.  234. 

  obstructed  breathing  uuder,  206, 

219  et  seq.,  225. 
 r-  over-distension  of  right  heart 

during  administration  of,  226. 

 over-dose  of,  217  el  seq. 

 pallor  after,  235. 

— —  pallor  under,  204,  210,  218,  225, 

226,  235. 

 percentage  of  vapour  in  administer- 
ing, 187,  188,  189,  197,  214. 

 ■  position  of  eyeballs  under,  207, 

231. 

  preceded  by  atropine  aud  mor- 
phine, 273,  275. 

 preceded  by  ether,  35. 

 preceded  by  morphine,   271  et 

seq. 

 properties  of,  8. 

 pulse  under,  204,  206,  212,  218, 

224,  225,  226,  234. 
 pupils  under,  205,  207,  208,  209, 

231  et  seq. 
 purification  of,  by  crystallisation, 

12. 

  reflex  cardiac  inhibition  under, 

33,  227.  31?,  3*9.  320,  321. 
 respiration  under,  64,  203,  204, 

205,  229. 
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Chloroform,  respiratory  failure  under, 
218,  219,  220. 

 retardation  of  pulmonary  circula- 
tion under,  226. 

 retelling  after,  235,  330. 

 safety  of,  in  natural  labour,  55. 

 secretion  of  mucus  and  saliva 

under,  210. 

 shallow  breathing  under,  204,  230, 

303- 

 signs  of  anaesthesia  under,  205  et 

seq. 

 slow  pulse  under,  206  (footnote), 

234- 

 sparing  administration  of,  193, 

225,  228,  235. 
  spasm    of    respiratory  muscles 

under.    (See  Chloroform,  fixity  of 

chest  under.) 

 specific  gravity  of,  8. 

 sudden  stoppage  of  pulse  under, 

33,  218. 

 surgical  shock  under,  33,  227,  315, 

318,  319,  320,  321. 

 susceptibility  of  patients  to,  213. 

 syncope,  33,  193,  218,  219,  223  et 

seq.,  226  ;  connected  with  excitement 

and  struggling,  227  ;  connected  with 

vomiting,  193,  225. 
  swallowing    movements  under, 

231. 

 temperature  under,  210. 

 test  for  purity  of,  9. 

 treatment  of  difficulties,  accidents, 

and  dangers  under.  (See  Manage- 
ment and  treatment. ) 

 use  of  lip-friction  under,  230,  316. 

 vomiting  after,  235,  330. 

 vomiting  under,  225,  283. 

Choice  of  anaesthetics.  (See  Selection 
of  anaesthetics.) 

Choreiform  movements  after  ether,  171. 

Chronic  bronchitis,  emphysema,  and 
dilated  heart,  choice  of  anaesthetics 
in,  248. 

Circulation,  condition  of,  before  ad- 
ministration, 25  et  seq. 

 effects  produced  upon,  by  per- 
formance of  operations,  32,  315  ctseq. 

— H  greatly  dependent  upon  respira- 
tion, 226,  234. 

 management  and  treatment  of 

difficulties,  accidents,  and  dangers 
connected  with,  314  et  seq. 

 under  chloroform,  204,  206,  212, 

234- 

 under  ether,  64,  153,  154,  156. 

 under  nitrous  oxide  administered 

with  oxygen,  128  ;  free  from  oxygen, 

104,  108. 

 under  the  A.  C.  E.  mixture,  245. 


Circulatory  failure  as  the  result  of  the 
surgical  procedure.  (See  Surgical 
shock.) 

 connected  with  excitement 

and  struggling  under  chloroform, 
227. 

 ■  connected    with  vomiting, 

225,  322. 

 due  to  asphyxia,  226,  321, 

322. 

 immediate  treatment  of,  323. 

 preventive  treatment  of,  322. 

 summary  of  causes  of,  314 

et  seq. 

   under  bromide  of  ethyl,  261. 

 under  chloroform,  33,  212, 

218,  219,  220,  223  et  seq. 

  ■  under  ether,  161. 

 ■  under  nitrous  oxide,  109,  no, 

321,  322. 

Cleft- palate,  anaesthetics  for  operations 
upon,  38. 

Clouic  muscular  spasm  under  chloro- 
form, 221  ;  under  nitrogen,  268 ; 
under  nitrous  oxide,  104,  105. 

'  Close  '  methods  of  administering 
ether,  135,  138,  172. 

Clothing  of  the  patient,  87. 

Clover's  and  Ormsby's  ether  inhalers 
compared,  151. 

 chloroform  apparatus,  188. 

 combined  gas  and  ether  inhaler, 

176. 

 portable  regulating  ether  inhaler, 

139  ;  directions  for  using,  144  ;  fitted 
with  bag  for  nitrous  oxide,  182. 

Coffee  in  the  treatment  of  after- 
vomiting,  331. 

Colic,  anaesthetics  for  relief  of,  58. 

Collapse,  anaesthetics  in,  27. 

Colour  of  features  under  chloroform, 
210,  234. 

— —  under  ether,  147,  157,  257 

(footnote). 

 under  nitrous  oxide,  103,  106. 

 under  nitrous  oxide  with 

oxygen,  127. 
Coma,  patients  suffering  from,  28,  53, 

273- 

Commission,  Hyderabad  Chloroform, 
212,  218,  220,  226. 

Committee  (Glasgow)  of  British  Medi- 
cal Association,  207,  212,  262,  264. 

 of  Royal  Medical  and  Chirurgical 

Society,  212,  214,  215,  242,  243. 

Comparison  of  Clover's  with  Ormsby's 
inhaler,  151. 

 of  nitrous  oxide  per  se  with  nitrous 

oxide  and  oxygen,  68,  131. 

Compression  of  chest-walls  as  a  restora- 
tive measure,  292,  298,  304,  308. 
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Condition  of  patient  after  the  adminis- 
tration, 327  ;  before  the  administra- 
tion, 15  et  seq. 

Conjunctival  and  corneal  reflex  under 
chloroform,  210,  231,  239. 

 under  ether,  146,  165. 

 under  nitrous  oxide  adminis- 
tered with  oxygen,  129. 

■  under  nitrous  oxide  free 

from  oxygen,  106. 

 under  the  A.  C.  E.  mixture, 

245- 

Contra-indications  to  chloroform,  69, 

70. 

 to  ether,  71  et  seq.,  247. 

 to  nitrous   oxide,   58,  67, 

246. 

Coughing  during  the  administration, 

i36»  145.  *53i  2°3.  282. 

 Management  and  treatment  of, 

282. 

'Crowing'  respiration,  51,  52,  156, 
164,  206,  221,  230,  245,  289. 

 management  and  treatment  of, 

289. 

Cyanosis  under  chloroform,  210,  218, 
223.  234- 

 under  ether,  146,  147,  257  (foot- 
note). 

 under  nitrous  oxide,  106. 

Cylinders  for  liquefied  nitrous  oxide, 
90,  92. 

Danger  of  light  anaesthesia  under 

chloroform,  228. 
Dangers  connected  with  circulation, 

management  and  treatment  of,  314 

et  seq. 

  with  respiration,  manage- 
ment and  treatment  of,  286  et  seq. 

    with  the  administration  of 

amylene,  266  ;  of  bromide  of  ethyl, 
261  ;  of  chloroform,  211  et  seq.  ;  of 
ether,  157  ;  of  ethidene  dichloride, 
263  ;  of  nitrous  oxide  free  from  oxy- 
gen, 107 ;  of  nitrous  oxide  mixed 
with  oxygen,  131 ;  of  pental,  267  ; 
of  the  A.  C.  E.  mixture,  249. 

Dangers  of  anaesthetics,  consideration 
of  relative,  60. 

Death-rate  of  various  anaesthetics,  62. 

Deaths  at  outset  of  chloroform  admini- 
stration, 214,  218,  223. 

 during  ophthalmic  operations,  56 

(footnote). 

 from  bromide  of  ethyl,  261. 

 from  combined  effects  of  mor- 
phine and  anaesthetics,  273,  275. 

 from  fear  and  mental  emotion  at 

outset  of  chloroformisation,  224. 

 under  amylene,  266. 


Deaths  under  'bichloride  of  methy- 
lene,' 62,  252. 

  under  chloroform,  211  et  seq.  ; 

analysis  of,  215  ;  during  child-birth, 
55  (footnote)  ;  influence  of  age  in, 
215  ;  influence  of  nature  of  operation 
in,  216  ;  influence  of  sex  in,  215  ; 
mode  of  inhalation  in,  217  ;  period 
at  which  fatal  symptoms  have  arisen 
in,  216  ;  relative  frequency  of,  62  ; 
stage  of  anaesthesia  at  which  fatal 
symptoms  have  arisen  in,  216  ;  symp- 
toms in,  217  et  seq. 

 under  ether,  157  et  seq. ;  analysis 

of  twenty-seven,  158  ;  relative  fre- 
quency of,  62 ;  symptoms  in,  159  et 
seq. 

 under  ethidene  dichloride,  263, 

264. 

 under  mixtures  of  anaesthetics,  62, 

242. 

■ — —  under  nitrous  oxide,  107  et  seq. 

 under  pental,  267. 

 under  the  A.  C.  E.  mixture,  249. 

Decomposition  of  chloroform,  8,  10, 
11. 

 of  ether,  5. 

 of  nitrous  oxide,  2. 

Degrees  or  stages  in  the  administration 
of  chloroform,  203  et  seq.  ;  of  ether, 
153  et  seq.  ;  of  nitrous  oxide  free 
from  oxygen,  102  et  seq.,  107;  of 
nitrous  oxide  with  oxygen,  126. 

Delirium  after  chloroform,  236. 

Dementia  after  ether,  171. 

Dental  operations,  accidents  during, 
86,  108,  300  et  seq. 

  adjustment  of  mouth-prop 

for,  45- 

 administration  of  anaesthetics 

for,  42  et  seq. 
 available  anaesthesia  for,  107, 

130. 

 —  bromide  of  ethyl  in,  43,  260. 

 choice  of  anaesthetics  for,  42, 

43.  l84- 

 difficulties    in  inserting 

mouth-prop  for,  284. 
 double  administration  of 

nitrous  oxide  for,  43. 
 entry  of  foreign  bodies  into 

the  larynx  during,  86,  108,  300. 

 ■  ■  ether  in,  43,  46,  179,  184. 

 gags  for  use  in,  45,  85,  98, 

185. 

 long,  43,  46,  184. 

 methyl  oxide  in,  269. 

 mouth-props  for,  45,  85,  98, 

l85-  ,    .  . 
 nitrogen  as  an  anaesthetic  in, 

267. 
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Dental  operations,  nitrous  oxide  and 

ether  in,  43,  46,  179,  184. 
 nitrous  oxide  and  oxygen  in, 

42,  119  et  seq.,  130. 

 nitrous  oxide  per  se  in,  42. 

 pental  as  an  anaesthetic  in, 

266. 

 position  of  patient  during, 

44,  107. 

 re-application    of  nitrous 

oxide  face-piece  in,  43,  in. 

 upon  children,  44. 

 upon  patients  with  trismus, 

46. 

 use  of  Mason's  gag  in,  46. 

 use  of  sponges  in,  46. 

Dependence  of  pulse  upon  respiration, 
226,  234. 

Depth  of  anaesthesia  necessary  in 
abdominal  operations,  52  ;  under 
chloroform,  54,  55,  227  et  seq.  ;  under 
ether,  162  et  seq.  ;  under  nitrous 
oxide,  no. 

Desperate  cases,  management  of,  33, 
323  et  seq. 

Detection  of  impurities  in  chloroform, 
10,  11. 

 in  ether,  4. 

 in  nitrous  oxide,  2. 

Diabetes  after  anaesthetics,  112. 

Diet,  regulation  of,  after  anaesthesia, 
329- 

 regulation  of,  before  anaesthesia, 

74  et  seq. 

Difficulties  connected  with  circulation, 
management  and  treatment  of,  314 
et  seq. 

 with  respiration,  manage- 
ment and  treatment  of,  286  et  seq. 

Digitalis  as  a  restorative  remedy,  86, 
313,  324,  329. 

Diphtheritic  inflammation  of  the 
larynx,  patients  suffering  from,  23. 

Directions  for  administering  chloro- 
form, 192,  198 ;  chloroform  after 
morphiue,  275  ;  ether,  136,  144,  150 ; 
nitrous  oxide,  98  ;  nitrous  oxide  and 
air,  113  ;  nitrous  oxide  and  oxygen, 
124  ;  the  A.  C.  E.  mixture,  244  ;  the 
A.  C.  E.  mixture  before  ether,  256 
et  seq. 

 for  employing  morphine  in  con- 
junction with  anaesthetics,  275. 

 for  performing  artificial  respira- 
tion, 305  et  seq. 

 for  using  Clover's  combined  gas- 

and-ether  apparatus,  178  ;  Clover's 
portable  regulating  ether  inhaler, 
144;  Ormsby's  ether  inhaler,  150. 

Discovery  of  amylene,  13. 

  of  chloroform,  8. 


Discovery  of  ether,  3. 

 of  ethidene  dichlorido,  12. 

 of  ethyl  bromide,  12. 

 ■  of  nitrous  oxide,  1. 

Dislocation  of  shoulder,  anaesthetics 
for,  57  (footnote). 

Dislocations,  reduction  of,  57,  216. 

Disseminated  sclerosis,  patients  suffer- 
ing from,  28. 

Distension  of  abdomen,  patients  suffer- 
ing from,  25,  28,  51,  247. 

Dreams  under  nitrous  oxide,  103. 

Drop-bottle  for  A.  C.  E.  mixture,  244. 

 for  chloroform,  191. 

 Thomas's,  192. 

Drowsiness  before  the  administration, 

28,  S3.  273- 
Duration  of  anaesthesia  from  nitrous 

oxide  administered  with  oxygen,  130; 

per  se,  101  (footnote),  107. 
Dutch  liquid,  12. 

Dyspnoea,  administration  of  anaes- 
thetics to  patients  with,  23,  41,  72, 
239,  246,  247. 

Eclampsia,  anaesthetics  in  puerperal, 
58. 

Edentulous  subjects,  21. 

Effects  produced  by  amylene,  264. 

 by  '  bichloride  of  methy- 
lene,' 250. 

 by  chloroform,  202  et  seq. 

 by  ether,  151  et  seq. 

 by  ethidene  dichloride,  262. 

 by  nitrogen,  268,  269. 

 by  nitrous  oxide  free  from 

oxygen,  102  et  seq. 

 by  nitrous  oxide  in  the  pre- 
sence of  oxygen,  126. 

 by  the  A.  C.  E.  mixture, 

244. 

Electricity  as  a  restorative  measure, 
3".  325- 

Electro-puncture  of  the  heart,  326. 

Emergency  case,  84. 

Emphysema,  patients  suffering  from, 

24.  71.  79-  248.  _ 
Empyema,  operations  for,  48,  138,  174. 
 use  of  ether  during  operations  for, 

I38.  *74- 

Enema  of  brandy  as  a  restorative  mea- 
sure, 322. 

Enterostomy,  anaesthetics  for,  50. 

Entry  of  air  into  veins  during  anaes- 
thesia, 47,  227  (footnote). 

  of  foreign  bodies  into  larnyx 

during  anaesthesia,  86,  108,  131,  162, 
227 ;  during  dental  operations,  86, 
108,  300  et  seq.  ;  management  and 
treatment  of  dangers  due  to,  300, 
301  et  seq. 
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Epiglottis  causing  difficult  or  ob- 
structed respiration,  288,  289  (foot- 
note), 295,  296. 

  management  and  treatment  of 

difficulties  and  dangers  due  to,  291 
et  acq.,  295,  296. 

 morbid  growths  of,  22. 

Epilepsy,  patients  Buffering  from,  29. 

Epistaxis  during  anaesthesia,  297  (foot- 
note). 

Er  otic  dreams  under  nitrous  oxide,  103. 
Esmaroh's  chloroform  mask,  186  (foot- 
note), 189. 
Ether,  absolute,  6. 

 accidents  under.     (See  Dangers 

connected  with  the  administration 
of.) 

— —  administration  of,  after  chloro- 
form, 253 ;  after  nitrous  oxide,  175 
et  seq.  ;  after  the  A.  C.  E.  mixture, 
254  et  acq.  ;  by  '  close  '  methods, 
138,  172 ;  by  Clover's  portable  in- 
haler, 144  ;  by  '  open  '  methods, 
135,  174  ;  by  Ormsby's  inhaler,  150  ; 
in  dental  surgery,  43,  46,  184 ;  per 
rectum,  171  ;  to  aged  subjects,  17 ; 
to  infants  and  children,  15,  16,  17, 
138,  147,  167,  174  ;  to  patients  with 
heart,  lung,  or  pleural  affections, 

174-  ,    ,  ' 

  advantages  of  '  close  '  methods  of 

administration,  138. 
  advantages  of,  over  other  anaes- 
thetics, 63,  64. 
 after-effects  of,  137,  168  et  scq., 

33°-  ,      .      .  , 
 ■  albuminuria  after,  170. 

 alcohol   and  chloroform  mixed 

with,  242  et  seq. 

 and  nitrous  oxide,  175  et  seq. 

  apparatus  for  administering,  135 

et  seq. 

 boiling-point  of,  3. 

 bronchial  affections  after,  137, 

170. 

 cases  suitable  for,  69. 

 cerebral  haemorrhage  under,  162, 

171. 

 choreiform  movements  after,  171. 

 circulation  under,  64,  154,  156. 

 circulatory  failure  under,  161. 

  'close'  methods  of  administer- 
ing, 138  et  scq.,  172,  173. 
 colour  of  features  under,  147, 

157,  257-  , ,  , 
 compared  with  chloroform,  62, 

63,  64,  65,  152,  213,  219. 
 comparison  of  '  open '  with  '  close  ' 

methods  of  administering,  137. 
 conjunctival  and  corneal  reflex 

under,  146,  165. 


Ether,  contra-indications  to,  71,  72,  73, 
247. 

 coughing  under,   136,  145,  153, 

282. 

  'crowing'  breathing  under,  156. 

 cyanosis  under,  146,  147,  257. 

  dangers  connected  with  the  ad- 
ministration of,  157  et  seq. 

  deaths  under,  157  et  seq.  (See 

Deaths.) 

 decomposition  of,  5. 

 degrees  or  stages  in  the  adminis- 
tration of,  153  et  seq. 

 dementia  after,  171. 

 depth  of   anaesthesia  necessary 

under,  162. 

 detection  of  impurities  in,  4. 

■  ■  differences  between  methylated 

nnd  pure,  6,  7. 

 discovery  of,  3. 

 effects  produced  by,  151  et  seq. 

  fixity  of  chest  under,  159,  160. 

  followed  by  chloroform,  35. 

  guides  in  the  administration  of, 

163. 

 heart's  action  under,  64,  154,  156. 

 hemiplegia  after,  171. 

 ■  impurities  of,  4. 

 in  abdominal  surgery,  49. 

 in  collapse,  27. 

 in  dental  surgery,  43,  46,  179,  184. 

 inflammability  of  vapour  of,  4. 

 inhalers,  135  et  scq.  ;  Clover's 

portable  regulating,  139  ;  cone- 
shaped,  135  ;  Ormsby's,  148  ;  Ren- 
dle's,  136. 

 in  heart  disease  and  orthopucea, 

26,  138,  174. 

 in  infancy,  16,  138,  167,  174. 

 in  operations  involving  the  lung 

or  pleurn,  49,  174. 

 in  operations  upon  the  neck,  47. 

 in  operations  within  or  about  the 

mouth,  34,  35. 

 jaundice  after,  171. 

 laryngeal  closure  under,  154,  155, 

160. 

■  masseteric  spasm  under,  154,  160. 

 mental  disorders  after,  171. 

 methods  of  administering,  135  et 

seq.,  172. 

 methylated,  4,  5,  6. 

  mixed  with  chloroform,  242. 

  mixed  with  alcohol  and  chloro- 
form, 242. 

 morphine  before,  42,  272,  275. 

 muscular  system  under,  154,  156. 

 nausea,  retching   and  vomiting 

after,  168,  330. 

 nephritis  after,  170. 

 objections  to,  47,  49,  71  et  seq. 
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Ether,   obstructed  breathing  under, 

154.  159.  J6o.  162. 

  '  open  '  methods  of  administer- 
ing, 135  ;  cases  suitable  for,  138. 

 overdose  of,  159. 

 position  of  eyeballs  under,  156. 

 perspiration  under,  156. 

 preceded  by  chloroform,  69,  253  ; 

by  morphine,  272,  275  ;  by  nitrous 
oxide,  69,  70,  175  et  seq.  ;  by  the 
A.  C.  E.  mixture,  69,  70,  254. 

 properties  of,  3. 

 pulmonary  affections  after,  170. 

 pulse  under,  153,  154,  156. 

■  pupils  under,  153,  134,  156,  166, 

172,  173,  174. 

 rash,  156. 

 rectified,  6. 

 reflex  cardiac  depression  under, 

162,  317,  318. 
  regulation  of  air-supply  during 

administration  of,  146,  147. 

 relative  safety  of,  61  et  seq. 

 respiration  under,  64,  153,  154, 

155.  164. 

 respiratory  failure  under,  159, 

160,  161,  162. 
 secretion  of  mucus  and  saliva 

under,  154. 
  signs  of  anaesthesia  under,  146, 

155  et  seq.,  162  et  seq. 
  spasm   of  respiratory  muscles 

under.     (See  Ether,  fixity  of  chest 

under.) 

 specific  gravity  of,  3,  6. 

  stages  in  the  administration  of, 

153  et  seq. 

 stertor  under,  146,  155. 

 stupor  after,  168. 

 subcutaneously  injected  as  a  re- 
storative remedy,  324. 
 surgical  shock  under,  34,  162,  316, 

317.  3l8- 

  swelling  of  tongue  and  adjacent 

parts  under,  160,  289,  293. 

 swallowing  movements  under,  145, 

153,  160,  165. 

 tests  for  purity  of,  5. 

 treatment  of  difficulties,  acci- 
dents, and  dangers  under.  (See 
Management  and  treatment  of  diffi- 
culties, &c. ) 

 tremor,  134,  281. 

 uraemia  after,  170. 

 various  kinds  of,  6. 

 vomiting  after,  50,  168,  169,  330. 

Ethidene  dichloride,  administration  of, 
262. 

 after-effects  of,  264. 

 alarming  symptoms  under,  264. 

 apparatus  for,  263. 


Ethidene  dichloride,  average  dose  of, 
263. 

  compared  with  chloroform,  262, 

264. 

 dangers  of,  263. 

 deaths  under,  263,  264. 

 discovery  of,  12. 

 effects  produced  by,  262. 

 first  employed  as  an  anaesthetic, 

262. 

 Glasgow  Committee  on,  262. 

 preceded  by  nitrous  oxide,  263. 

 properties  of,  12. 

 pulse  under,  263,  264. 

 respiration  under,  263. 

 vomiting  after,  264. 

Ethilidene  chloride.  (See  Ethidene 
dichloride. ) 

Ethyl  bromide.  (Sec  Bromide  of  ethyl.) 

 chloride  as  an  anaesthetic,  269. 

Ethylene  as  an  anaesthetic,  270. 

Ethylene  dichloride,  12. 

Ethylic  ether.    (See  Ether.) 

Ethyl  nitrate  as  an  anaesthetic,  270. 

 oxide.    (See  Ether.) 

Evacuation  of  fluid  from  abdomen,  51, 
247  ;  from  chest,  48. 

Examination  of  patient  before  ad- 
ministration, 78. 

Excitement  and  struggling  during  the 
use  of  chloroform,  203,  221,  226,  228  ; 
of  ether,  146,  153  ;  of  nitrous  oxide, 
103  ;  of  nitrous  oxide  mixed  with 
oxygen,  126  ;  management  and  treat- 
ment of,  279. 

Exhausted  subjects,  anaesthetics  in, 

27,  75.  314.  322,  328. 
Exhaustion  as  a  predisposing  cause  to 
circulatory  depression  and  failure, 
314.  322. 

Expirations  under  chloroform,  230. 
Extension  of  head   and  neck   as  a 

restorative  measure,  292,  305. 
Extraction   of  teeth.      (See  Dental 

operations.) 
Eyeballs,position  of,  under  chloroform, 

207,  231  ;  under  ether,  156  ;  under 

nitrous  oxide  and  oxygen,  128,  129. 
Eyelids,  in  shock  and  collapse,  27 ; 

under  nitrous  oxide  and  oxygen,  128. 
Eye,  operations  upou  the,  56. 

Face,  operations  about  the,  34. 
Face-pieces  for  administering  ether, 

139,  148  ;  nitrous  oxide,  93,  95. 
Failure  of  circulation.   (See  Circulatory 

failure. ) 

 of  respiration.    (See  Kespiratory 

embarrassment  and  failure.) 

Falling  back  of  the  tongue,  291.  (See 
also  Tongue,  management  and  treat- 
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ment  of  difficulties  and  dangers  due 
to.) 

Faradism  as  a  restorative  measure, 
3",  325- 

Fatalities  under  anaesthetics.  (See 
Deaths.) 

Fatty  degeneration  of  the  heart,  73, 
248  ;  choice  of  anaesthetics  in,  248. 

Fear,  influence  of,  in  causing  death 
during  the  use  of  chloroform,  224. 

Feeble  patients,  after-management  of, 
328  ;  use  of  anaesthetics  in,  27,  128, 

J38,  147,  3*6.  322- 
— —  pulse  after  anaesthesia,  328. 
 respiration,     management  and 

treatment  of,  303,  304. 
Fergusson's  gag.    (See  Mason's  gag.) 
Field  of  battle,  anaesthetics  upon  the, 

64. 

Fixity  of  the  chest  during  the  use  of 
chloroform,  219,  222  ;  of  ether,  159  ct 
seq.  ;  of  nitrous  oxide,  108  ;  manage- 
ment and  treatment  of,  309,  312. 

  of  the  jaw,  patients  suffering 

from,  21. 

Flabby  subjects,  80,  205,  294. 

Flushing  out  abdomen,  52. 

Fontaine's  chamber,  118. 

Food,  abstinence  from,  before  anaes- 
thesia, 74. 

 regulation  of,  after  anaesthesia, 

329- 

Foreign  bodies,  entry  of,  into  larnyx 
during  anaesthesia.  (See  Entry  of 
foreign  bodies  into  larynx.) 

Fracture  of  skull,  patients  suffering 
from,  28. 

Fractures, setting  of, under  anaesthetics, 

57- 

Frequent  inhalation  of  anaesthetics, 
19,  236. 

Gag,  Fergusson's.    (See  Mason's  gag.) 
■ — -  for  use  in  certain  mouth  opera- 
tions, 201. 
 Mason's,  81. 

Gags  for  dental  operations.  ( See 
Mouth-props.) 

Gaslight,  the  administration  of  chloro- 
form by,  10. 

Gas,  nitrous  oxide.  (See  Nitrous  oxide. ) 

Gasometers,  93. 

Gastro-iutestinal  irritation  after  bro- 
mide of  ethyl,  261. 

Gastrostomy,  anaesthetics  for,  27. 

General  condition  of  patient,  15  tt  seq. 

 physique  of  patient,  19. 

Genito-urinary  organs,  operations  upon 
the,  52. 

Glasgow  Committee  on  anaesthetics, 
207,  212,  262,  264. 


Glottis,  closure  or  spasm  of,  during 
anaesthesia.  (See  Laryngeal  closure. ) 

Glycosuria  after  anesthetics,  112,  236 

Goitre.    (Sec  Thyroid  growths.) 

Guides  in  the  administration  of  chloro- 
form, 228  ;  of  ether,  163  ;  of  nitrous 
oxide  free  from  oxygen,  no;  of 
nitrous  oxide  with  oxygen,  129  ;  of 
the  A.  0.  E.  mixture,  245. 

Habits  of  life,  influence  of,  18. 
Haemoptysis  during  anaesthesia,  48, 

297  (footnote). 
Haemorrhage,   effects  of,  upon  the 

anaesthetised  patient,  32,  33,  315, 

316. 

Haemorrhoids,  nitrous  oxide  in  opera- 
tions for,  67 ;  operations  for  (see 
Kectal  operations)  ;  preparation  of 
patient  before  operations  for,  77. 

Hall's,  Marshall,  method  of  artificial 
respiration,  308. 

Hare-lip  operations,  37. 

Heart,  action  of,  before  administra- 
tion, 25. 

 choice  of  anaesthetics  in  disease 

of,  26,  69,  72,  131,  248. 
 degenerative  changes  in,  after 

chloroform,  237. 

 dilatation  of.  (See  Heart  disease.) 

 disease,    25,    26,    69,   72,   314 ; 

A.  C.  E.  mixture  in,  26,  72,  248  ; 

advantages  of  oxygen  with  nitrous 

oxide  in,  72,  131  ;  as  a  predisposing 

cause  of  circulatory  failure,  314 ; 

choice  of  anaesthetics  in  advauced, 

26,  69,  72,  131,  248  ;  congenital,  72  ; 
ether  in,  26,  138,  174  ;  nitrous  oxide 
in,  26,  69,  72,  131,  322. 

 failure  of.  (See  Circulatory  fail- 
ure.) 

 fatty  degeneration  of,  73,  227, 

248. 

 intermittent  action  of,  before  ad- 
ministration, 26. 

  stoppage  of.     (See  Circulatory 

failure.) 

 use  of  oxygen  with  nitrous  oxide 

in  disease  of,  69,  131. 
Hectic  subjects,  anaesthetics  in,  27. 
Hemiplegia  after  ether,  171. 

 after  nitrous  oxide,  112. 

Hernia,  operations  for  strangulated, 

27,  5°,  273- 
Hesitating  breathing,  278. 
Hiccough,  51,  282. 

Hillischer'sapparatusf  or  administering 
oxygen  with  nitrous  oxide,  120. 

Hints  upon  feeling  the  pulse,  234. 

Hip-disease,  patients  suffering  from 
long-standing,  27. 
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Horizontal  nitrous  oxide  cylinders, 
difficulties  connected  with  use  of,  92. 

Hot  cloths  as  a  restorative  measure, 
324. 

Hot-water  draughts  in  the  treatment 
of  after-vomiting,  331. 

Hour  of  administration,  74. 

Howard's  method  of  artificial  respira- 
tion, 309. 

Hyderabad  Chloroform  Commission, 

212,  218,  220,  226. 
Hydrobromic  ether.    (See  Bromide  of 

ethyl.) 

Hypodermic  injection  of  brandy  as  a 

restorative,  324. 
 of  ether  as  a  restorative, 

324- 

— — ■  of  morphine  before  anaes- 
thetics, 271  et  seq. 

 of  morphine  and  atropine 

before  anaesthetics,  273,  275. 

Hysterical  patients,  18,  79,  in,  171, 
203,  281. 

Ice  in  the  treatment  of  after-vomiting, 
33i- 

'  Idiosyncrasy,'  chloroform,  213. 
Impurities  of  chloroform,  9. 

 of  ether,  4. 

 of  nitrous  oxide,  2. 

Infaucy,  anaesthetics  in,  15,  167,  241. 

 ether  in,  16,  138,  167,  174. 

Inflammability  of  ether  vapour,  4. 
Inflation  of  lungs  as  a  restorative 

measure,  309. 
Inhaler,  Clover's  chloroform,  188. 
■  Clover's  combined  gas-and-ether, 

176. 

 Clover's  portable  regulating  ether, 

139- 

 Junker's  chloroform,  194  et  seq. 

  Ormsby'3  ether,  148. 

 Snow's  chloroform,  187. 

Inhalers  for  administering  chloroform, 

187,  188,  194  ;  objections  to,  194. 
 ether  by  '  close  '  methods, 

138  et  seq. 

 ether  by  '  open  '  methods, 

133,  136. 

Injection  of  normal  saline  solution  into 
veins  as  a  restorative  measure,  324. 

Insanity  following  anaesthetics,  112, 
171,  236. 

Inspection  of  patient  before  adminis- 
tration, 78. 

Insufflation  as  a  restorative  measure, 
3"-. 

Intestinal  obstruction,  A.  C.  E.  mix- 
ture in,  247 ;  patients  suffering  from, 
25>  28,  5°i  S1;  247  ;  vomiting  during 
operations  for,  51,  293. 


Intra-venous  injection  of  saline  solu- 
tion, 324. 

Intubation  as  a  restorative  measure, 
293- 

Inversion  as  a  restorative  measure,  325. 

'  Jactitation  'under  anaesthetics,  105, 

128,  129,  268. 
Jaundice  after  anaesthetics,  171,  236. 
Jaw,  fixity  of,  21. 

 removal  of  upper,  34  et  seq.,  315. 

Jaws,  operations  upon  the,  34,  35,  37. 
Joints,  examination  and  manipulation 

of,  under  anaesthetics,  57,  66. 
 wrenching  stiff  and  painful,  57, 

66. 

Junker's  chloroform  inhaler,  194  et 
seq. ;  administration  by  means  of, 
198  ;  accidents  during  use  of,  195  ; 
Buxton's  modification  of,  197 ;  Car- 
ter Braine's  modification  of,  197 ; 
modified,  195,  196  ;  use  of,  in  mouth 
and  nose  operations,  35,  198  et  seq. 

Keys  for  nitrous  oxide  cylinders,  90. 
Kidneys,  action  of  ether  upon  the, 

170  (footnote). 
 operations  upon  the,  34,  53,  316, 

317,  321. 

  patients  suffering  from  disease 

of,  29. 

Kirk's  theory  of  chloroform  syncope, 
193- 

Labour,  anesthetics  in  natural,  54,  71. 

Lactation,  the  administration  of  anaes- 
thetics during,  30. 

Laryngeal  closure  in  abdominal  opera- 
tions, 51  ;  management  and  treat- 
ment of  embarrassed  and  suspended 
breathing  due  to,  289  et  seq.  ;  reflex, 
289,  294;  summary  of  causes  of, 
289 ;  under  chloroform,  206,  219, 
221  et  seq.,  294;  under  ether,  154, 
155,  160;  under  nitrous  oxide,  104, 
108,  290,  296. 

 spasms.    {See  Laryngeal  closure. ) 

 stertor,  288,  289. 

 stridor.    (See  Laryngeal  closure, 

Laryngeal  stertor,  and  'Crowing' 
respiration. ) 

Laryngotomy,  anesthetics  for,  40,  41. 

 as  a  restorative  measure,  293,  296, 

298,  299,  302. 

 preliminary,  41. 

Larynx,  administration  to  patients 
with  disease  of,  23. 

 closure     of.      (See  Laryngeal 

closure. ) 

  operations  within  or  about  the, 

34  et  seq.,  40. 
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Larynx,  removal  of,  41. 

 spasm  of.  (See Laryngeal  closure.) 

'  Laughing  gas.'  (See  Nitrous  oxide.) 
Lid-reflex.     (See    Conjunctival  and 

corneal  reflex. ) 
Lint,    administration    of  chloroform 

from,  191,  192. 
Lip-friotioi),  as  a  restorative  measure, 

230,  304,  323- 

 under  chloroform,  230,  316. 

Lips   causing    obstructed  breathing, 

287. 

 operations  upon  the,  34,  37. 

Locomotor  ataxy,  patients  suffering 
from,  28. 

Loss  of  blood  during  operations.  (See 

Hemorrhage. ) 

 speech  after  chloroform,  236. 

Lungs,   inflation  of,  as  a  restorative 

measure,  309. 

 operations  upon  the,  48. 

 patients  suffering  from  affections 

of.    (See  Pulmonary  affections.) 
Lupus,  scraping'  patches  of,  67. 

Management  and  treatment  of  diffi- 
culties, accidents,  and  dangers  con- 
nected with  circulation,  314  et  scq.  ; 
with  respiration,  286  el  seq. 

 of  feeble  and  exhausted  sub- 
jects after  anaesthesia,  328. 

  of  minor  difficulties,  277 

et  seq. 

 of  nausea  and  vomitiug  after 

anaesthesia,  329  et  seq. 

 of  threatened  or  complete 

failure  of  respiration  (non-obstruc- 
tive), 304  et  scq.  ;  (obstructive),  290 
et  seq. 

Management  of  patient  after  the  ad- 
ministration, 328. 

Maniacal  attacks  after  chloroform,  236. 

Manipulations  under  anaesthetics,  57. 

Mason's  gag,  46,  81  ;  furnished  with 
metal  tubes  for  the  administration  of 
chloroform,  199. 

Masseteric  spasm  under  anaesthetics, 
154,  160,  291. 

Menstruation,  anaesthetics  during,  29. 

Mental  and  muscular  excitement  after 
chloroform,  236  ;  after  ether,  171. 

 disorders  after  anaesthetics,  112, 

171,  236. 

 emotion  and  apprehension  as  a 

predisposing  cause  of  circulatory 
failure,  224,  314. 

Method  of  administration,  selection  of, 
60  et  scq. 

Methods  of  administering  amylene, 
264;  'bichloride  of  methylene,' 
251 ;  bromide  of  ethyl,  259  ;  chloro- 


form, 186  et  scq.,  217;  ether,  135  et 
seq.,  172;  ethidene  dichloride,  262; 
nitrogen,  267  et  seq.  ;  nitrous  oxide, 
90  et  seq. ;  nitrous  oxide  with  ether, 
17S  et  scq. ;  nitrous  oxide  with 
oxygen,  116,  120,  121  ;  pental,  266; 
the  A.  C.  E.  mixture,  244 ;  the 
A.  C.  E.  mixture  before  ether,  256 
et  seq. 

Methods  of  performing  artificial  res- 
piration, 305  et  seq. 

Methylated  ether,  4,  5,  6. 

'Methylene.'  (See  'Bichloride  of 
methylene.') 

Methyl  oxide  as  an  anaesthetic,  269. 

Minor  difficulties,  management  and 
treatment  of,  277  et  seq. 

Mixtures  containing  chloroform,  240 
et  seq.  ;  cases  suitable  for,  71  ;  ob- 
jections to,  240. 

 of  alcohol  and  chloroform,  241, 

250. 

 of  alcohol,  chloroform,  and  ether, 

242. 

  of  chloroform  and  ether,  242 ; 

deaths  under,  62. 
Mixture,  the  A.  C.  E.    (See  A.  C.  E; 

mixture.) 

I  Mode  of  death  under  chloroform,  217 
ct  seq.  ;  under  ether,  157  et  seq. 

Morbus  cordis.    (See  Heart  disease.) 

Morphia-habit,  anaesthetics  in  patients 
addicted  to  the,  18. 

Morphine  administered  during  re- 
covery from  anaesthesia,  274,  276. 

 and  atropine  before  chloroform, 

273,  275- 

 before  anaesthetics,  271  et  seq. ; 

directions  for  giving,  275  ;  objections 
to,  273. 

 before  chloroform,  advantages  of, 

272  ;  analgesia  produced  by,  272  ; 
first  used  in  surgical  practice,  271  ; 
in  cerebral  surgery,  54,  272,  273  ;  in 
operations  about  the  mouth,  42, 
272. 

 before  ether,  42,  272,  275. 

 deaths  from  combined  effects  of 

anaesthetics  and,  273,  275. 

Mortality  under  anaesthetics,  61,  62, 
158,  215  et  seq.    (See  also  Deaths.) 

Mouth,  anaesthetics  in  operations  with- 
in or  about  the,  34  et  scq.,  198,  199, 
200,  201. 

 inspection  of,  before  administra- 
tion, 80. 

Mouth-gags  in  dental  operations.  (See 

Mouth-props.) 
Mouth-opener;  wedge-shaped,  82. 
Mouth-prop  for  keeping  teeth  apart 

during  the  administration,  82. 
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Mouth-props  in  dental  operations,  45, 

84,  85,  98,  185. 
Mucous  stertor,  288. 
Mucus,  obstructed   breathing  from, 

299. 

  secretion  of,  under  chloroform, 

210  ;  under  ether,  154. 

Muscular  movements  during  anes- 
thesia, 279,  280. 

 phenomena  under  amyleue,  265  ; 

under  anaesthetics,  57,  279 ;  under 
chloroform,  203,  210,  214,  229 ;  under 
ether,  154, 156  ;  under  nitrous  oxide 
administered  with  oxygen,  128 ; 
under  nitrous  oxide  free  from  oxy- 
gen, 104,  105. 

 relaxation,  necessity  for,  in  cei-- 

tain  cases,  57. 

 rigidity,  advantages  of,  in  certain 

cases,  58  ;  dependent  upon  an  in- 
sufficient air-supply,  281  ;  during  use 
of  chloroform,  203,  214,  220,  227  ;  of 
ether,  156 ;  of  nitrous  oxide,  105, 
129  ;  management  and  treatment  of, 
during  anaesthesia,  57,  281. 

Naerowing  of  trachea,  patients  suf- 
fering from,  23,  246. 

Nasal  breathing,  36. 

Nasal  obstruction,  patients  suffering 
from,  22,  37,  40,  81,  287,  288,  293. 

  operations,  34,  40. 

 passages,  dilatation  of,  67. 

 stertor,  288. 

Naso-pharynx,  operations  upon  the, 
34,  39- 

Nausea  and  vomiting  after  anesthetics, 
general  remarks  on  causation,  pre- 
vention, and  treatment  of,  329  et 
seq.  ;  patients  most  liable  to,  330. 

 after  chloroform,  235. 

—  after  ether,  168. 

 after  nitrous  oxide  adminis- 
tered with  oxygen,  132. 

 after  nitrous  oxide  free  from 

oxygen,  in. 

Neck,  interference  with  vagus  during 
operations  upon  the.  (See  Pneumo- 
gastric.) 

*  use  of  anaesthetics  in  operations 

upon  the,  47,  73,  237,  238,  239,  318 
et  seq. 

 patients  suffering  from  tumours 

of,  22,  239. 

Nephrectomy,    occurrence    of  shock 

•  during,  34,  53,  316,  317,  321. 

Nephritis  after  ether,  170. 

Nervous  subjects,  18,  78. 

 system,  state  of,  before  adminis- 
tration, 28. 

Net-spoon,  Carter's  oral,  86. 


Neurotic  subjects,  18  ;  choice  of  anaes- 
thetics for,  70. 
Nitrite  of  amyl  as  a  restorative,  86, 

324- 

Nitrogen,  administration  of,  268. 

 apparatus  for  administering,  268. 

 as  an  anesthetic,  267. 

 available  pei'iod  of  anesthesia 

after,  268. 

 early  experiments  with,  267,  268. 

 effects  produced  by,  268,  26.9. 

j   in  dental  surgery,  267. 

  "jactitation"  under,  268. 

 mixed  with  small  quantities  of 

oxygen,  268. 

 monoxide.    (See  Nitrous  oxide.) 

 pulse  under,  268. 

 respiration  under,  268. 

 time  taken  to  produce  anaesthesia 

with,  269. 

 tremor  after,  268. 

Nitrous  oxide,  administration  of  air 
with,  112  et  seq. 

 administration    of,  before 

ether,  175  et  seq. 

 administration  of,  free  from 

oxygen,  90  et  seq. 

  administration  of,  in  lung 

affections,  24. 

 administration    of  oxygen 

with,  60,  67,  68,  114  et  seq.  ;  advan- 
tages, 30,  68,  69,  115,  131  ;  after- 
effects, 131 ;  apparatus,  116,  117, 
118,  121  et  seq.  ;  Bert's  method  (em- 
ploying increased  pressure),  116  et 
seq.  ;  circulation  during,  128  ;  colour 
of  features  during.  127 ;  degrees  or 
stages  in  the  administration,  126  et 
seq.  ;  directions  for  administering, 
124,  125  ;  effects  produced,  126  et 
seq.  ;  illustrative  cases,  133,  134 ;  in 
dental  surgery,  42 ;  in  heart  and 
lung  affections,  69  ;  in  minor  sur- 
gery, 130  ;  method  of  administering 
(without  increased  pressure),  121  et 
seq.  ;  muscular  phenomena  during, 
128  ;  respiration  during,  127  ;  signs 
of  anesthesia,  129 ;  state  of  globes 
and  pupils  during,  128  ;  time  taken 
to  produce  anesthesia,  129. 

 administration  of,  to  aged 

subjects,  17. 

 after-effects  of,  in,  132. 

 apparatus  for  administering, 

90  et  seq. 

 asphyxial  phenomena  under, 

114. 

 available  period  of  anesthesia 

after  inhalation,  107. 

 bag  fitted  to  a  Clover's  port- 
able ether  inhaler,  182. 
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•ous  oxide,  best  apparatus  for  ad- 
ministering, 95. 

 best  method  of  administer- 
ing, 95- 

 bottles,  90,  92. 

 oases  suitable  for,  66. 

 catalepsy  after,  112. 

 circulation  under,  104,  108. 

 ■  circulatory    failure  under, 

109,  321. 

 clonic  movements  under,  104, 

105. 

 colour  of   features  under, 

103,  106. 

 contra-indicated  in  certain 

cases,  58,  67,  246. 

 cyanosis  under,  106. 

 cylinders,  90,  92. 

 danger  connected  with  the 

administration  of,  107  et  seq. 

 deaths  under,  107  et  seq. 

 ■  decomposition  of,  2. 

 ;  degrees  in  the  administra- 
tion of,  102,  103,  104,  107. 

 depth  of  anaesthesia  necessary 

under,  no. 

 detection  of  impurities  in,  2. 

 diabetes  after,  112. 

 directions  for  administering, 

98. 

 discovery  of,  1. 

 dreams  under,  103. 

 duration  of  anaesthesia  after 

inhalation,  101  (footnote),  107. 
 duration   of  inhalation  of, 

106. 

 effects  produced  by,  102  et 

seq. 

 entry  of  foreign  bodies  into 

larynx  under,  108  ;  treatment,  300, 
301. 

 excitement  under,  103. 

 fixity  of  chest  under,  108. 

 ■  followed  by  ether,  70,  175  et 

seq.  ;   in  dental  surgery,   43,  46, 

184. 

 followed  by  ethidene  dichlo- 

ride,  263. 

 glycosuria  after,  112. 

 guides  in  the  administration 

of,  no. 

 ■ —  hemiplegia  after,  112. 

 impurities  of,  2. 

 in  dental  surgery,  42. 

  in  exhausted  subjects,  67. 

 in  general  surgery,  66. 

 ■  ■  in  heart  disease,  26,  67,  69, 

72,  321,  322. 

 in  lung  affections,  24,  69. 

 in  old  age,  17,  69. 

 in  ophthalmic  surgery,  67. 


Nitrous  oxide,  in  patients  with  em- 
barrassed breathing,  67. 

 in  pregnancy,  30. 

 in  removal  of  adenoid  growths 

from  pharynx,  67. 

 in  removal  of  tonsils,  67. 

 insanity  following  the  inhala- 
tion of,  112. 

 in  urethral  surgery,  67. 

 ■  ■  'jactitation'  under,  105. 

 laryngeal  closure  under,  104, 

108. 

 liquefied,  2. 

— —  methods  of  administering, 

90  et  seq. 

 ■  muscular  phenomena  under, 

104,  105. 

 —  nature  of  anaesthesia  from, 

114. 

 nausea  after,  in. 

 numbness  after,  in. 

 obstructed  breathing  under, 

104,  108,  109. 

   opisthotonus  under,  105. 

 over-dose  of,  107. 

 patellar  and  plantar  reflexes 

under,  105. 
 position  of  patient  during 

administration  of,  44,  99,  107. 
 prolonged  administration  of, 

in. 

 properties  of,  1. 

 pulse  under,  103,  105. 

 pupils  under,  103,  106,  108, 

in. 

 quantity  required  to  pro- 
duce anaesthesia,  68,  101. 

  reflex     cardiac  inhibition 

under,  no. 

 ■  regulation  of  diet  before,  76. 

 respiration  under,  102,  103, 

104. 

 respiratory    failure  under, 

108,  109,  195,  196,  322. 
 signs  of  anaesthesia  under, 

104,  110. 

 spasm  of  respiratory  muscles 

under.    (See  Nitrous  oxide,  fixity  of 

chest  undor.) 
 stages  in  the  administration 

of,  102  et  seq.,  107. 

 stertor  under,  104,  108. 

■  ■  stupor  after,  III. 

 surgical   shock  under,  34 

110. 

 swelling  of  tongue  and  adja- 
cent parts  under,  20. 

 syncope  under,  109. 

 tests  for  purity  of,  2. 

 time  taken  to  produce  deep 

anaesthesia  by,  106. 
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Nitrous  oxide,  to-and-fro  breathing  of, 
94,  100. 

 tonic  spasm  under,  105. 

 ■  vomiting  after,  ill. 

Nose,  operation  within  or  about  the,  34 

et  seq. ,  40. 
Noui'ishment  after  anesthetics,  329. 

OBESITY,  anesthetics  in  patients  suf- 
fering from,  20,  72,  80. 

Objections  to  amylene,  265. 

— —  to  anesthetic  mixtures,  240. 

 to  bromide  of  ethyl,  262. 

 to  chloroform  before  ether,  253. 

 to  morphine  before  anesthetics, 

273- 

Obstetric  operations,  anesthetics  in, 

54- 

Obstructed  breathing.  (See  Respira- 
tory embarrassment  and  failure.) 

Obstruction  of  bowels.  (See  Intestinal 
obstruction.) 

Old  age,  anesthetics  in,  17,  69,  72,  76  ; 
ether  in,  72. 

Olefiant  gas  as  an  anesthetic,  270. 

'  Open '  methods  of  administering 
ether,  135,  136. 

Operation,  nature  of  the,  31  et  seq. 

Operations,  abdominal,  49. 

 choice  of  anesthetics  for  parti- 
cular, 31  seq. 

 dental.    (See  Dental  operations.) 

 effects  produced  upon  the  patient 

by  the  performance  of,  32,  33,  34, 
315  et  seq. 

 for  intestinal  obstruction.  (See 

Intestinal  obstruction.) 

 for  hare-lip,  37. 

 for  post-nasal  adenoid  growths, 

39.  67,  257. 

 for  strangulated  hernia,  27,  50, 

273- 

 influence  of,  in  deaths  under  chlo- 
roform, 216. 

 in  region  of  neck,  not  involving 

air-passages,  47,  239,  246,  293. 

 laryngeal,  40. 

 nasal,  34,  40. 

- —  naso-pharyngeal,  39,  67,  257. 

 ophthalmic,  56. 

 orthopoedic,  58. 

 requiring  particular  states  of  the 

muscular  system,  57. 

 upon  the  brain.  (See  Cerebral  sur- 
gery.) 

 upon  the  bladder,  52,  248,  280. 

 upon  the  breast,  317,  318,  320. 

 upon  the  eye,  56,  264. 

 upon  the  genito-urinary  organs, 

 upon  the  jaws,  34,  35,  37. 


OpeiWtionsaipoti  the  kidneys,  34,  53, 

316,317,321.  wBTtn 

 upon  the  lips  and  cheeks,  34,  37. 

 upon  the  palate,  38. 

 ■  upon  the  pleura  or  lung,  48, 

174. 

 upon  the  rectum,  52,  53. 

 upon  the  tongue,  34,  37. 

 upon  the  tonsils,   34,  39,  67, 

257- 

 within  or  about  the  mouth,  nose, 

pharynx,  and  larynx,  34  et  seq.,  199 
et  seq. 

Ophthalmic  operations,  56,  264. 
Opiates  administered  during  recovery 

from  anesthesia,  274,  276. 
 patients  under  influence  of,  28, 

273- 

Opisthotonus  under  anesthetics,  105, 
128,  261. 

Oral  breathing,  22,  36,  287. 

Ormsby's  ether  inhaler,  148;  compared 
with  Clover's,  151  ;  directions  for 
using,  150 ;  modified  to  contain  a 
water  -  chamber,  149  ;  used  after 
nitrous  oxide,  180;  used  after  the 
A.  C.  E.  mixture,  256. 

Orthopoedic  surgery,  anesthetics  in, 
57.  58. 

Orthopucea,  patients  suffering  from, 
26,  174,  247. 

Over-distension  of  right  heart  under 
chloroform,  226. 

Over-dose  of  chloroform,  217;  of  ether, 
159 ;  of  nitrous  oxide,  107. 

Oxalate  of  cerium  iu  the  treatment  of 
after  vomiting,  331. 

Oxygen,  administration  of,  as  a  restora- 
tive measure,  311. 

•  administration  of,  with  nitrous 

oxide  at  ordinary  atmospheric  pres- 
sure, 42,  60,  67,  68,  119  et  seq.  ; 
under  increased  pressure  (Paul 
Bert's  method),  116  et  seq.  (See 
Nitrous  oxide,  administration  of 
oxygen  with.) 

Pacini's  method  of  performing  arti- 
ficial respiration,  308. 

Palatal  stertor,  288,  289. 

Palate,  operations  upon  the,  34,  38. 

 patients  suffering  from  morbid 

growths  of,  22,  318,  319. 

Pallor,  after  anesthesia,  328 ;  after 
chloroform,  235  ;  under  chloroform, 
204,  210,  218,  225,  335. 

Paracentesis  of  abdomen,  51,  247  ;  of 
thorax,  48. 

Passage  of  foreign  bodies  into  larynx. 
(See  Entry  of  foreign  bodies.) 

Passive  movement  of  joints,  57,  66. 
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Patellar  and  plantar  reflexes  under 
nitrous  oxide,  105. 

Paul  Bert's  method  of  administering 
oxygen  with  nitrous  oxide,  n<>. 

Pental,  14,  266.    (See  also  Amylene.) 

 administration  of  and  effects  pro- 
duced by,  266. 

■  after-effects,  267. 

  alarming  symptoms  under,  267. 

 analgesia  under,  267. 

 compared  with  nitrous  oxide,  267. 

 dangers  connected  with  the  use 

of,  267. 

 deaths  under,  267. 

— - — ■  properties  of,  14. 

Percentage  of  chloroform  vapour  in- 
haled, 187,  188,  189,  197,  214. 

Period  of  anaesthesia,  sifter  nitrous 
oxide  administered  with  oxygen, 
130;  administered  free  from  oxygen, 
107. 

 of  inhalation  under  nitrous  oxide 

and  oxygen,  129  ;  under  nitrous 
oxide  free  from  oxygen,  106. 

Peritonitis,  patients  suffering  from 
24,  28,  247. 

Perspiration  under  ether,  156. 

Pharyngeal  stertor,  288,  289. 

Pharynx,  operations  within  or  about 
the,  34  et  seq.,  39. 

Phrenic  nerves,  faradism  of  the,  311, 
312. 

Phthisis,  patients  suffering  from,  24, 

Piles.    {See  Haemorrhoids. ) 
Plethoric  subjects,  use  of  anaesthetics 
in,  20. 

Pleural  diseases,  administration  to 
patients  with,  23,  24 ;  operations 
for,  48,  174. 

Pleuro-pneumonia,  anaesthetics  in,  24. 

Pneumogastrio,  interference  with,  dur- 
ing operations  upon  the  neck,  47, 
223,  304,  305,  318,  319. 

Pneumonia  after  ether,  170. 

Position  of  patient  before  administra- 
tion, 79,  88. 

 duriug  anaesthesia,  31,  32  ;  prone, 

39,  48,  266 ;  semi-recumbent,  32  ; 
sitting  (See  Sitting  posture)  ;  supine 
or  recumbent,  31,  32,  36,  39. 

  during  dental  operations,  44, 

107. 

 during  mouth  and  nose  operations, 

36,  39- 

  during  operations  upon  the  lung 

or  pleura,  48. 
  during    removal    of  adenoid 

growths,  39. 
Post-nasal  growth,  removal  of,  39,  67, 

257- 


Pregnancy,  the  administration  of  an- 
aesthetics during,  29. 

Preliminary  tracheotomy  or  laryngo- 
torny,  41. 

Preparation  of  the  patient  for  the 

administration,  74  et  sty. 
Pi  •essure  upon  the  trachea,  anaesthetics 

in,  23,  246  ;  ether  contra-indicated 

in,  247  (footnote)  ;  nitrous  oxide 

contra-indicated  in,  246. 
  within  nitrous  oxide  cylinders, 

90  (footnote). 
Prevention  and  treatment  of  vomiting 

after  anaesthetics,  general  remarks 

on,  329  et  seq. 
Preventive  treatment  of  circulatory 

failure,  322. 
Prognosis  in  respiratory  failure,  313. 
Properties  of  amylene,  13. 

 of  '  bichloride  of  methylene,'  249. 

 of  bromide  of  ethyl,  12. 

 of  chloroform,  8. 

 of  ether,  3. 

 of  ethidene  dichloride,  12. 

■  of  nitrous  oxide,  1. 

 of  the  A.  C.  E.  mixture,  243. 

Props.    (See  Mouth  props.) 
Protoxide  of  nitrogen.     (See  Nitrous 

oxide.) 

Puerperal  eclampsia,  anaesthetics  in, 
S8- 

Pulmonary  affections,  after  chloro- 
form, 236;  after  ether,  170;  chloro- 
form or  its  mixtures  in,  71  ;  ether 
in,  174  ;  nitrous  oxide  in,  67 ; 
patients  suffering  from,  23,  71  ;  re- 
cently acquired,  21 ;  selections  of 
anaesthetics  in,  23,  24,  71 ;  the 
A.  C.  E.  mixture  in,  72,  247,  248  ; 
with  dilated  heart,  24. 

 phthisis,  24,  71. 

Pulse,  abnormally  slow,  25,  161,  206, 
234- 

 as  a  guide  in  chloroform  anaes- 
thesia, 234. 

 before  the  administration,  25,  80. 

 dependence  of,  upon  respiration, 

234- 

 effects  of  operation  upon,  33,  315 

et  seq. 

  feebleness  of,  after  anaesthesia, 

328. 

 intermittent,  26,  220. 

■  radial  as  a  guide,  234. 

  '  running,'    from   over-dose  of 

chloroform,  220. 
  stoppage  of.     (Sec  Circulatory 

failure. ) 

 superior  coronary,  as  a  guide,  234. 

 temporal,  as  a  guide,  234. 

 under  amylene,  265. 
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Pulse  under  bromide  of  ethyl,  261. 
 under  chloroform,  204,  206,  212. 

218,  224,  225,  226,  234. 

 under  ether,  153,  154,  r56- 

 under  ethiilene  diohloride,  263, 

264. 

 under  nitrogen,  268. 

 under  nitrous  oxide  administered 

with  oxygen,  128,  134. 
  under  nitrous  oxide  free  from 

oxygen,  103,  105. 
 under  the  A.  C.  E.  mixture,  245, 

248. 

Pupils  as  a  guide  in  chloroform  ad- 
ministration, 207  et  seq.,  231  et  seq. 
 during  operations  upon  the  neck, 

47-  . 
 reflex  dilatation  of,  ill,  166. 

 under  amylene,  265. 

 under  bromide  of  ethyl,  261. 

 under  chloroform,  205,  207,  208, 

209,  231  et  seq. 

  under  ether,  153,  154,  156,  166, 

172,  173.  *74-  . ,  .  .  .  ,  , 
 under  nitrous  oxide  administered 

with  oxygen,  128. 
  under  nitrous  oxide  free  from 

oxygen,  103,  106,  108,  111. 
 under  the  A.   C.   E.  mixture, 

245- 

Purgatives,  use  of,  before  anaesthetics, 

77.  3iS-  " 
Pus,  obstructed  breathing  from,  48, 

Pushing  lower  jaw  forwards,  290,  291. 

Quantity  of  nitrous  oxide  necessary 
to  produce  anaesthesia,  68,  101. 

Radial  pulse  under  anaesthetics,  234. 

Railway  injuries,  patients  suffering 
from  collapse  due  to,  27. 

Re-application  of  face-piece  in  adminis- 
tering nitrous  oxide,  43,  ill. 

Re-breathing  of  nitrous  oxide,  94,  100, 
101. 

Recovery  from  anaesthesia,  327. 
Rectal  examination,  nitrous  oxide  in, 

 etherisation,  41,  171. 

 operations,  52,  53. 

Reduction  of  dislocations,  57,  216. 
Reflex  alterations  in  respiration,  206, 
289. 

  cardiac  inhibition  under  chloro- 
form, 33,  227,  318  et  seq.  ;  under 
ether,  162,  317,  318 ;  under  nitrous 
oxide,  no. 

 dilatation  of  pupils,  in,  166. 

 laryngeal  closure,  289,  294. 

 muscular  movements,  279,  280. 


Regulation  of  diet  after  anaesthesia, 

329  ;  before  anaesthesia,  74. 
Relative  frequency  of  vomiting  after 

anaesthetics,    169    (footnote),  236 

(footnote). 

 safety  of  anaesthetics,  60,  61,  62. 

Remedies  which  should  be  at  hand 

during  anaesthesia,  86. 
Removal  of  toe-nail  or  finger-nail,  67. 

 of  upper  jaw,  34  et  seq..  37,  315. 

Renal  colic,  anaesthetics  in,  58. 

 disease,  patients  suffering  from, 

29. 

 operations,  34,  53,  316,  317,  321. 

Rendle's  mask,  136  ;  used  in  adminis- 
tering A.  C.  E.  mixture,  244. 

Respiration,  accidents  connected  with, 
286  et  seq. 

 artificial.  (See  Artificial  respira- 
tion.) 

 condition  of,  before  administra- 
tion, 22  et  seq.,  80. 

  'crowing,'  51,  52,  156,  164,  206, 

221,  230,  245,  289. 

 dangers  connected  with,  286  etseq. 

 difficulties  connected  with,  286  et 

seq. 

 failure  of.  (See  Respiratory  em- 
barrassment and  failure.) 

  management  and  treatment  of 

difficulties,  accidents,  and  dangers 
connected  with,  286  et  seq. 

 in  patients  with  chronic  nervous 

affections,  28. 

 ■  obstructed.  (See  Respiratory  em- 
barrassment and  failure,  obstruc- 
tive.) 

 patients  with  wholly  abdominal, 

24. 

 shallow,  under  chloroform,  204, 

230.  3°3- 

 stoppage  of.  (See  Respiratory  em- 
barrassment and  failure.) 

 under  amylene,  265. 

 under  bromide  of  ethyl,  261. 

 under  chloroform,  64,  203,  204, 

205,  229. 

 under  ether,  64,  153,  154,  155,  164. 

 under  ethidene  dichloride,  263. 

 under  nitrogen,  268. 

 under  nitrous  oxide  free  from 

oxygen,  102,  103,  104  ;  with  oxygen, 

127. 

 under  the  A.  0.  E.  mixture,  245. 

 wholly  thoracic  or  wholly  ab- 
dominal, 24. 

Respiratory  embarrassment  and  fail- 
ure, after  anaesthesia,  328. 

 (non-obstructive)  302  ; 

management  and  treatment  of,  304 
et  seq.  ;  prognosis  in,  313. 


352 


GENERAL  INDEX. 


Respiratory  embarrassment  and  fail- 
ure (obstructive),  287,  296  ;  manage- 
ment and  treatment  of,  290  et  seq., 
297  et  seq.,  301. 

 under  bromide  of  ethyl, 

261. 

 under  chloroform,  218, 

219,  220,  221,  222. 
 under  ether,  159,  160. 

161,  162. 

>  under  nitrous  oxide, 

108,  109,  295,  296,  322. 

Respiratory  organs,  advantages  of  oxy- 
gen with  nitrous  oxide  in  diseases  of, 

 patients  with  affections  of. 

(See  Pulmonary  affections. ) 

Retching  and  vomiting  after  anaes- 
thesia, general  remarks  on  causation, 
prevention,  and  treatment  of,  329  et 
seq. 

 after  chloroform,  235,  330. 

— — ■  after  ether,  168. 

 after  nitrous  oxide  per  se, 

111;  after  nitrous  oxide  and  oxygen, 

132. 

 during  anaesthesia,  manage- 
ment and  treatment,  283. 

Rigidity.    (See  Muscular  rigidity. ) 

'  Running '  pulse  from  over-dose  of 
chloroform,  220. 

Safest  anaesthetic,  60. 

Safety  (relative)  of  anaesthetics,  60 ; 

of  ether  and  chloroform,  61,  62. 
Saline  injection  (intra-venous)  as  a 

restorative  measure,  324. 
'Schlafgas,'  119. 

Selection  of  anaesthetic  and  method  of 

administration,  60  el  seq. 

 for  routine  use,  65. 

 in  abdominal  surgery,  49  et 

seq. 

 in  dental  surgery,  42. 

 ■  in  heart  disease,  26,  69,  72, 

131,  248. 

 in  infancy,  15,  167. 

 in  mouth  and  nose  opera- 
tions, 34,  71. 

 in  obesity,  20,  72. 

 in  old  age,  17,  72. 

—  in  pleural  and  pulmonary 

operations,  49. 

 in  reduction  of  dislocations, 

— —  in  respiratory  affections,  23, 

24,  71. 

Sequestra,  removal  of,  under  nitrous 
oxide,  67. 

Sex,  influence  of,  15  ;  in  deaths  under 
chloroform,  215. 


Shallow  breathing  under  chloroform, 
204,  230,  303. 

Shock  before  the  administration,  27, 
314  ;  during  or  after  the  administra- 
tion.   (.See  Surgical  shock.) 

Signs  of  anaesthesia  under  bromide  of 
ethyl,  260 ;  under  chloroform,  205 
et  seq.  ;  under  ether,  146,  155  etseq.  ; 
under  nitrous  oxide  administered 
with  oxygen,  129 ;  under  nitrous 
oxide  free  from  oxygen,  104,  110; 
under  the  A.  C.  E.  mixture,  245. 

 of  returning  consciousness  after 

the  administration,  327. 

Silvester's  method  of  artificial  respira- 
tion, 305  et  seq. 

Sinuses,  opening  up,  66. 

Sitting  posture,  anaesthetics  in,  32,  88, 
227. 

 chloroform  contra-indicated 

in,  88. 

 during  mouth  and  nose  opera- 
tions, 36,  39. 

 during  removal  of  adenoid 

growths,  39. 

Skinner's  chloroform  mask,  189,  190; 
administration  of  chloroform  from, 
192  ;  used  for  A.  C.  E.  mixture,  244. 

Sleep,  chloroform  used  during,  193. 

Slow  pulse  in  chloroform  anaesthesia, 
206  (footnote),  234. 

Snow's  chloroform  inhaler,  187. 

Soft  palate  causing  obstructed  breath- 
ing, 287,  288. 

Spasm  of  larynx.  (See  Laryngeal 
closure. ) 

— —  of  parts  within  or  about  the  upper 
air-passages  causing  embarrassed  or 
obstructed  breathing,  287. 

  of  respiratory  muscles.     ( See 

Fixity  of  chest.) 

Specific  gravities  of  constituents  of 
A.  C.  E.  mixture,  243. 

 gravity  of  amyleue,  13. 

 ■  of  bromide  of  ethyl,  12. 

 of  chloroform,  8. 

 of  ether,  3,  6. 

 of  ethidene  dichloride,  13. 

 of  nitrous  oxide,  1. 

Stages  in  the  administration  of  chloro- 
form, 203  et  seq.  ;  of  ether,  153  et 
seq. ;  of  nitrous  oxide  free  from 
oxygen,  102  et  seq.  ;  of  nitrous  oxide 
with  oxygen,  126. 

  of  amestbesia  at  which  deaths 

have  occurred  under  chloroform,  216. 

Stands  for  nitrous  oxide  cylinders, 
91,  92. 

Staphyloraphy,  anaesthetics  for,  38. 
Statistics  of  deaths  under  anaesthetics, 
61,  62. 


Stertor,  sifter  anaesthesia,  328  ;  under 
chloroform,  204 ;  under  ether,  146, 
155  ;  under  nitrous  oxide,  104,  108  ; 
varieties  of,  288. 

Stopcock  (valved)  for  administering 
nitrous  oxide,  96,  97. 

Stoppage  of  pulse.  (See  Circulatory 
failure.) 

 of  respiration.    (See  Respiratory 

embarrassment  and  failure.) 
Strabismus,  operations  for,  33,  56. 
Strangulated  hernia,  operations  for, 

27.  50.  273- 
Struggling  under   anaesthetics.  (See 

Excitement  and  struggling.) 
Strychnine  as  a  restorative,  86,  304, 

313-  .  . 

 poisoning,  anaesthetics  in,  58. 

Stupor  after  anaesthetics,  in,  112,  168. 

Sulphuric  ether.    (See  Ether. ) 

'  Supplemental  bag '  for  administer- 
ing nitrous  oxide,  93,  94. 

Superior  coronary  pulse  readily  avail- 
able during  anaesthesia,  234. 

Surgical  shock  as  an  exciting  cause  of 
circulatory  depression  and  failure, 
32,  33,  34,"  3i5  et  seq. 

 management  and  treatment 

of,  after  anaesthesia,  328,  329  ;  during 
anaesthesia,  315  et  seq.,  322  et  seq. 

 occurrence  of,  during  opera- 
tions under  chloroform,  33,  227,  315, 
3l8,  3!9,  320,  321 ;  under  ether,  34, 
162,  316,  317,  318 ;  under  nitrous 
oxide,  34,  no. 

Swallowing  movements  under  anaes- 
thetics, 145,  153,  160,  165,  203,  204, 
231,  291  (footnote). 

Swelling  of  parts  withiu  or  about  the 
upper  air-passages,  20,  160,  287  et 
seq.,  293  ;  causing  embarrassed  or 
obstructed  breathing,  287  et  seq. 

Syncope.    (See  Circulatory  failure.) 

TABES  dorsalis,  patients  with,  28. 

Teeth,  anaesthetics  for  extraction  of. 
(See  Dental  operations.) 

 entry  of,  into  larynx  during  anaes- 
thesia, 86,  108,  300  et  seq. 

Temperament,  influence  of,  18. 

Temperature  under  chloroform,  210. 

Temporal  pulse  during  anaesthesia, 
234- 

Tenotomy,  anaesthetics  for,  58  ;  nitrous 
oxide  as  an  anaesthetic  for,  67. 

Tests  for  purity  of  chloroform,  9. 

 of  ether,  5. 

 ■  of  nitrous  oxide,  2. 

Tetanus,  anaesthetics  in,  59. 

Third  person  in  room,  necessity  for, 
74- 


Thoracoplasty,    anaesthetics    for,  49 

(footnote). 
Thorax,   anaesthetics    for  operations 

upon,  48. 

 fixity  of.    (See  Fixity  of  chest.) 

 paracentesis  of,  48. 

Threatened  respiratory  failure  (non- 
obstructive), management  and  treat- 
ment of,  303. 

Thyroid  growths,  patients  suffering 
from,  23,  161  (footnote),  239. 

Tight  lacing,  dangers  of,  109  (footnote). 

Time  at  which  deaths  have  occurred 
under  chloroform,  216. 

Time  taken  to  produce  anaesthesia  under 
nitrogen  (with  and  without  oxygen), 
269  ;  under  nitrous  oxide  and  oxygen, 
129 ;  under  nitrous  oxide  free  from 
oxygen,  106. 

Tinnitus  aurium  under  ether,  153 ; 
under  nitrous  oxide,  102. 

To-and-fro  breathing  of  nitrous  oxide, 
94,  100,  101. 

Tobacco,  excessive  use  of,  18. 

Tongue,  causing  obstructed  breathing, 
287,  288,  289,  291,  295. 

■  falling  back  of,  291. 

 forceps,  82  ;  application  of,  292, 

294,  3°5 ;  Mr-  Woodhouse  Braine's, 
82. 

 management  and  treatment  of, 

difficulties  and  dangers  due  to  the, 
290,  291,  292,  294,  295. 

 operations  upon  the,  34,  37. 

 patients  with  morbid  growths  of, 

22. 

 preliminary  tracheotomy  in  opera- 
tions upon  the,  38. 

 traction  as  a  restorative  measure, 

292.  294,  305. 

Tonsils,  operations  upon  the,  34,  39, 
67,  257- 

— —  patients  with  morbid  growths  of. 

22,  69,  109  (footnote). 
Towel,  administration  of  chloroform 

from  corner  of,  191, 192  ;  from  folded, 

188,  189. 

Toxic  effects  of  chloroform,  217  et  seq. 

 of  ether,  159. 

 of  nitrous  oxide,  107. 

Trachea,  operations  upon  the,  40. 

 patients  with  narrowing  of,  23, 

246. 

Tracheotomy,  anaesthetics  for,  40. 

 instruments,  83. 

 preliminary,  41. 

Treatment  of  difficulties,  accidents, 

and  dangers.    (See  Management  and 

treatment.) 
Tremor  under  ether,  154,  281. 
Trendelenburg's  tampon,  use  of,  41. 

Z 
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Tumours  pressing  upon  the  trachea, 

23  ;  thyroid,  23. 
Turpentine  as  an  anaesthetic,  270. 
Types  of  subjects,  79. 

Uppish  jaw,  removal  of,  under  anaes- 
thetics, 34  et  seq.,37,  315. 

Uraemia  after  ether,  170. 

Urethral  surgery,  nitrous  oxide  in, 
67. 

Urinary  organs,  anaesthetics  for  opera- 
tions upon  the,  52. 

V  AG]  NAL  examination,  nitrous  oxide  in, 
67. 

Vagus.    {Sec  Pneumogastrio. ) 

Valved  stopcock  for  administering 
nitrous  oxide,  96,  97. 

Varieties  of  muscular  movements  dur- 
ing the  use  of  anaesthetics,  279. 

 of  stertor,  288. 

Vascularity  of  parts  under  anaesthetics, 

47.  49- 

Vienna  mixture,  242. 

Vigorous  subjects,  administration  of 
anaesthetics  to,  19,  ioo,  146,  150,  160, 
181,  203,  214,  257,  281. 

Vomited  matters  within  air-passages, 
management  and  treatment  of  diffi- 
culties and  dangers  due  to,  298. 


Vomiting  after  abdominal  operations, 

So. 

 after  amylene,  266. 

 after  anaesthetics,  general  remarks 

Oil  causation,  prevention,  and  treat- 
ment of,  329  et  scq. 

■  after  bromide  of  ethyl,  262. 

 after  chloroform,  235. 

 after  ether,  50,  168,  169,  330. 

 after  ethidene  dichloride,  264. 

 after  nitrous  oxide  free  from  oxy- 
gen, in  ;  with  oxygen,  132. 

 during  anaesthesia,  management 

and  treatment  of,  283  et  scq.,  298, 

299-  .       ,  . 

 during  operations  for  intestinal 

obstruction,  51,  299. 

 relative  frequency  of  after  anaes- 
thetics, 169  (footnote),  236  (foot- 
note). 

 syncope  connected  with,  225. 

 under  chloroform,  225. 


Wedge  for  opening  clenched  jaws, 
82. 

Weller's  stand  for  nitrons  oxide  cylin- 
ders, 91. 

Wrenching  stiff  joints,  anaesthetics  for, 
57,  66. 
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become  a  Standard  Work  in  Public  Health." — Medical  Times  and  Gaxtttt. 
"  Contains  a  great  mass  of  information  of  easy  reference." — Sanitarr  Record 
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Second  and  Cheaper  Edition.    Handsome  Cloth,  4«. 

FOODS    AND  DIETARIES: 

H  /iDaitual  of  Clinical  Dietetics. 

By  E.  W.   BURNET,    M.D.,  M.R.C.P., 

Physician  to  the  Great  Northern  Central  Hospital,  Jcc. 


GENERAL  CONTENTS. — DIET  in  Diseases  of  the  Stomach,  Intes- 
tinal Tract,  Liver,  Lungs,  Heart,  Kidneys,  &c. ;  in  Diabetes,  Scurvy,  Anae- 
mia, Scrofula,  Gout  (Chronic  and  Acute),  Obesity, Rheumatism,  Alcoholism, 
Influenza,  Nervous  Disorders,  Diathetic  Diseases,  Diseases  of  Children, 
with  a  Section  on  Prepared  and  Predigested  Eoods,  and  Appendix  on 
Invalid  Cookery. 

"  The  directions  given  are  uniformly  judicious.  .  .  .  May  be  confidently  taken 
as  a  reliable  GUIDE  in  the  art  of  feeding  the  sick."— Brit.  Med.  Journal. 

"  To  all  who  hare  much  to  do  with  Invalids,  Dr.  Burnet's  book  will  be  of  great  uba. 
It  will  be  found  all  the  more  valuable  in  that  it  deals  with  broad  and  accepted 
views.  .  .  .  Gout,  Scurvy,  Rickets,  and  Alcoholism  are  instan.es  in  point,  and  they 
are  all  teeated  with  admirable  sense  and  judgment  by  Dr.  Burnet.  The  careful 
Btudy  of  such  books  as  this  will  very  much  help  the  Practitioner  in  the  Treatment  of  cases, 
and  powerfully  aid  the  action  of  remedies." — Lancet. 

"  Dr.  Burnet'B  work  is  intended  to  meet  a  want  which  is  evident  to  all  those  who  have 
to  do  with  nursing  the  sick.  .  .  .  The  plan  is  methodical,  simple,  and  practical.  .  .  . 
Dr.  Burnet  takes  the  important  diseases  seriatim  .  .  .  and  gives  a  Time-table  of  Diet, 
with  Bill  of  Fare  for  each  meal,  quantities,  and  beverages  .  .  .  will  help  the  nurse 
when  at  her  wits'  end  for  a  change  of  diet,  to  meet,  the  urgency  of  the  moment  or  tempt 
the  capricious  appetite  of  the  patient."—  Glasgow  Herald. 


Griffin's  "Pocket-Book"  Series. 

Fifth  Edition,  Pocket-Size,  Leather,  Ss.  6d.      With  very  Numerous  Illustrations. 

A  SURGICAL  HANDBOOK, 

3foc  jpractttloners,  Students,  1bouse=5urgeons,  anfc  IDressers. 

By  F.  M.  CAIRD,  M.B.,  F.R.C.S.  (Ed.), 
And  C.  W.  CATHCART,  M.B.,  F.R.C.S.  (Eng.  &  Ed.), 

Assistant-Surgeons,  Royal  Infirmary,  Edinburgh. 


GENERAL  C  ONTENTS.  — Case-Taking —Treatment  of  Patients  before  and 
after  Operation— Anaesthetics :  General  and  Local — Antiseptics  and  Wound- 
Treatment — Arrest  of  Haemorrhage — Shock  and  Wound  Fever — Emergency 
Cases — Tracheotomy:  Minor  Surgical  Operations — Bandaging — Fractures — 
Dislocations,  Sprains,  and  Bruises — Extemporary  Appliances  and  Civil 
Ambulance  Work— Massage — Surgical  Applications  of  Electricity — Joint-Fixa- 
tion and  Fixed  Apparatus— The  Syphon  and  its  Uses— Trusses  and  Artificial 
Limbs — Plaster-Casting — Post-Mortem  Examination— Sickroom  Cookery  Re- 
ceipts, &c,  &c,  &c. 

"Thoroughly  practical  and  trustworthy.  Clear,  accurate,  succinct."—  The  Lancet. 

"Admirably  arranged.  The  best  practical  little  work  we  have  seen.  The  matter  is  as 
good  as  the  manner." — Edinburgh  Medical  J ournal. 

"This  excellent  little  work.  Clear,  concise,  and  very  readable.  Gives  attention  to 
important  details,  often  omitted,  but  absolutely  necessary  to  success.  "—A  tlienaum. 

'  A  dainty  volume."— Manchester  Medical  Chronicle. 
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SEWAGE  DISPOSAL  WORKS: 

A  Guide  to  the  Construction  of  Works  for  the  Prevention  of  the 
Pollution  by  Sewage  of  Rivers  and  Estuaries. 

BY 

W.  SANTO  CRIMP,  M.Inst. C.E.,  F.G.S., 

Late  Assistant-Engineer,  London  County  Council. 

With  Tables,  Illustrations  in  the  Text,  and  37  Lithographic  Plates.  Medium 

8vo.    Handsome  Cloth. 
Second  Edition,  Revised  and  Enlarged.  30s. 


PART  I. — Introductory. 


Introduction. 

Details  of  River  Pollutions  and  Recommenda- 
tions of  Various  Commissions. 

Hourly  and  Daily  Flow  of  Sewage. 

The  Pail  System  as  Affecting  Sewage. 

The  Separation  of  Rain-water  from  the  Sewage 
Proper. 


Settling  Tanks. 

Chemical  Processes. 

The  Disposal  of  Sewage-sludge. 

The  Preparation  of  Land  for  Sewage  Di»- 

posal. 

Table  of  Sewage  Farm  Management 


PART  II.— Sewage  Disposal  Works  in  Operation— Their 
Construction,  Maintenance,  and  Cost. 

Illustrated  by  Plates  showing  the  General  Plan  and  Arrangement  adopted 

in  each  District. 


Map  of  the  LONDON  Sewage  System. 

Crossness  Outfall. 

Barking  Outfall. 

Doncaster  Irrigation  Farm. 

Beddington  Irrigation  Farm,  Borough  of 
Croydon. 

Bedford  Sewage  Farm  Irrigation. 

Dewsbury  and  Hitchin  Intermittent  Fil- 
tration. 

Merton,  Croydon  Rural  Sanitary  Authority. 
Swanwick,  Derbyshire. 
The  Ealing  Sewage  Works. 
Chiswick. 

Kingston-on-Thames,  A.  B.  C.  Process. 
Salford  Sewage  Works. 


Bradford,  Precipitation. 

New    Maiden,  Chemical  Treatment  and 

Small  Filters. 
Friern  Barnet. 

Acton,  Ferozone  and  Polarite  Process. 

Ilford,  Chadwell,  and  Dagenham  Works. 

Coventry. 

Wimbledon. 

Birmingham. 

Margate. 

Portsmouth. 

BERLIN  Sewage  Farms. 

Sewage   Precipitation    Works,  Dortmund 

(Germany). 
Treatment  of  Sewage  by  Electrolysis. 


*»*  From  the  fact  of  the  Author's  having,  for  some  years,  had  charge  of  the  Main 
Drainage  Works  of  the  Northern  Section  of  the  Metropolis,  the  chapter  on  London  will  be 
found  to  contain  many  important  details  which  would  not  otherwise  have  been  available. 

"  All  persons  interested  in  Sanitary  Science  owe  a  debt  of  gratitude  to  Mr.  Crimp.  .  .  . 
His  work  will  be  especially  useful  to  Sanitary  Authorities  and  their  advisers  .  .  . 
eminently  practical  and  useful  .  .  .  gives  plans  and  descriptions  of  many  or  the 
most  important  sewage  works  of  England  .  .  .  with  very  valuable  information  as  to 
the  cost  of  construction  and  working  of  each.  .  .  .  The  carefully-prepared  drawings  per- 
mit of  an  easy  comparison  between  the  different  systems."—  Lancet. 

"Probably  the  most  complete  and  best  treatise  on  the  subject  which  has  appeared 
in  our  language.  .  .  .  Will  prove  of  the  greatest  use  to  all  who  have  the  problem  of 
Sewage  Disposal  to  face." — Edinburgh.  Medical  Journal. 


LONDON :  EXETER  STREET,  STRAND. 


SCIENTIFIC  AND  TECHNOLOGICAL  WORKS.  7 


W  O  H  K  S 

By  J.  R.  AINSWORTH  DAVIS,  B.A., 

PROFESSOR  OF  BIOLOGY,  UNIVERSITY  COLLEGE,  ABERYSTWYTH. 


DAVIS  (Prof.  Ainsworth):  BIOLOGY  (An  Ele- 
mentary Text- Book  of).   In  large  Crown  8vo,  Cloth.    Second  Edition. 

Part  I.  Vegetable  Morphology  and  Physiology.  With  Complete  Index- 
Glossary  and  128  Illustrations.    Price  8s.  6d. 

Part  II.  Animal  Morphology  and  Physiology.  With  Complete  Index- 
Glossary  and  108  Illustrations.    Price  10s.  6d. 

EACH  PART  SOLD  SEPARATELY. 

*#*  Note — The  Second  Edition  has  been  thoroughly  Revised  and  Enlarged, 

and  includes  all  the  leading  selected  Types  in  the  various  Organic  Groups. 

"Certainly  the  best  'biology'  with  which  we  are  acquainted.  It  owes  its  pre- 
eminence to  the  fact  that  it  is  an  excellent  attempt  to  present  Biology  to  the  Student  as  a 
correlated  and  complete  science.  The  glossarial  Index  is  a  most  useful  addition." — 
British  Medical  Journal. 

"  Furnishes  a  clear  and  comprehensive  exposition  of  the  subject  in  a  systematic 
form."—  Saturday  Review. 

"  Literally  packed  with  information." — Glasgow  Medical  Journal. 


DAVIS  (Prof.  Ainsworth):  THE  FLOWERING 

PLANT,  as  Illustrating  the  First  Principles  of  Botany.  Large  Crown 
8vo,  with  numerous  Illustrations.    3s.  6d.    Second  Edition. 

"  It  would  be  hard  to  find  a  Text-book  which  would  better  guide  the  student  to  an  accurate 
knowledge  of  modem  discoveries  in  Botany.  .  .  .  The  scientific  accuracy  of  statement, 
and  the  concise  exposition  of  first  principles  make  it  valuable  for  educational  purposes.  In 
the  chapter  on  the  Physiology  of  Flowers,  an  admirable  rtsume  is  given,  drawn  from  Darwin, 
Hermann  Miiller,  Kerner,  and  Lubbock,  of  what  is  known  of  the  Fertilization  of  Flowers." — 
Journal  of  the  Lintiean  Society. 


DAVIS  and  SELENKA:  A  ZOOLOGICAL 

POCKET-BOOK;  Or,  Synopsis  of  Animal  Classification.  Comprising 
Definitions  of  the  Phyla,  Classes,  and  Orders,  with  Explanatory  Remarks 
and  Tables.  By  Dr.  Emil  Selenka,  Professor  in  the  University  of 
Erlangen.  Authorised  English  translation  from  the  Third  German 
Edition.  In  Small  Post  8vo,  Interleaved  for  the  use  of  Students.  Limp 
Covers,  4s. 

"  Dr.  Selenka's  Manual  will  be  found  useful  by  all  Students  of  Zoology.  It  is  a  compre- 
hensive and  successful  attempt  to  present  us  with  a  scheme  of  the  natural  arrangement  of 
the  animal  world." — Edin.  Med.  Journal. 

"  Will  prove  very  serviceable  to  those  who  are  attending  Biology  Lectures.  .  .  .  The 
translation  is  accurate  and  clear." — Lancet. 
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Griffin's  "  Poeket-Book  "  Series. 
PRACTICAL  HYGIENE: 

Including  Air  and  Ventilation  ;  Water,  Supply  and  1'urity  ;  Food 
and  the  Detection  of  Adulterations  ;  Sewage  Removal, 
Disposal,  and  Treatment;  Epidemics,  &c,  &c. 

By  SURG.-MAJOR  A.  M.  DAVIES,  M.D.,  D.P.H.Camb., 

Late  Assist.-Pro/essor  of  Hygiene,  Army  Medical  School. 

Pocket  Size.     With  Illustrations. 


With  Numerous  Illustrations  and  Coloured  Plate.  5s. 

MIDWIFERY  (An  Introduction  to  the  Study  of). 

For  the  Use  of  Young  Practitioners,  Students, 
and  Midwives. 

By  ARCHIBALD  DONALD,  M.A.,  M.D.,  C.M.Edin., 

Surgeon  to  St.  Mary's  Hospital  for  Women  and  Children,  Manchester;  and  the  Manchester 

and  .'>alford  Lying-in  Institution. 

"Highly  creditable  to  the  Author.  .  .  .  Should  prove  of  great  value  to 
Midwifery  Student!  and  Junior  Practitioners." — British  Gynecological  Journal. 


INORGANIC  CHEMISTRY  (A  Short  Manual  of). 

By  A.  D  U  P  RE,   Ph.D.,  F.  R.  S.,  and   WILSON  HAKE, 

Ph.D.,  F.I.C..  F.C.S.,  of  the  Westminster  Hospital  Medical  SchooL 

Second  Edition,  Revised.     Crown  8vo.      Cloth,  7s.  6d. 

"A  well-written,  clear  and  accurate  Elementary  Manual  of  Inorganic  Chemistry.  .  .  . 
We  agree  heartily  in  the  system  adopted  by  Drs.  Duprc  and  Hake.  Will  make  Experi- 
mental Work  trebly  interesting  because  intelligible." — Saturday  Review. 

"There  is  no  question  that,  given  the  perfect  grounding  of  the  Student  in  his  Science, 
the  remainder  comes  afterwards  to  him  in  a  manner  much  more  simple  and  easily  acquired. 
The  work  is  an  example  of  the  advantages  of  the  Systematic  Treatment  of  a 
Science  over  the  fragmentary  style  so  generally  followed.  By  a  long  way  the  best  of  tie 
small  Manuals  for  Students.  ' — Analyst. 


In  Extra  Crown  Svo,  with  Litho-plates  and  Numerous  Illustrations.    Cloth,  &s.  6d. 

ELEMENTS  OF  PRACTICAL  PHARMACY  AND  DISPENSING. 

By  W.  ELBORNE,  B.A.Cantab.,  F.L.S.,  F.C.S., 

Demonstrator  of  Materia  Medica  and  Teacher  of  Pharfnacy  at  University  College,  London; 
Pharmacist  to  University  College  Itospital. 

"A  work  which  we  can  very  highly  recommend  to  the  perusal  of  all  Students  of  Medicine. 
.    .    .    Admirably  adapted  to  their  requirements." — Edinburgh  Medical  Journal. 

"The  system  .  .  .  which  Mr.  Elborne  here  sketches  is  thoroughly  sound."— Chemist 
and  Druggist. 

*»*  Formerly  published  under  the  title  of  "PHARMACY  and 
Materia  Medica." 
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Charles  Gpiffin  &  Co.'s  Medical  Series. 

Standard  Works  of  Reference  for  Practitioners  and  Students. 
Issued  in  Library  Style,  large  8vo,  Handsome  Cloth,  very  fully  Illustrated. 

Full  Catalogue,  with  Specimens  of  the  Illustrations,  sent  Post-free 

on  application. 


i.  ANATOMY  AND  PHYSIOLOGY. 

Human  Anatomy,     .      .      .   Prof  Mac alister,  M.D.,  .      .  10 

Human  Physiology,  .      .      .    Profs.  Landois  and  Stirling,  .  10 

Embryology,      ....    Prof.  Haddon,  .  10 


2.  THE  BRAIN,  NERVOUS  SYSTEM. 

The  Brain  and  Spinal  Cord,    .   Victor  Horslf.y,  F.R.C.S.,  .  u 

Central  Nervous  Organs,       .   Drs.  Obersteiner  and  Hill,  .  n 

Peripheral  Neuritis, .      .      .   Drs.  Ross  and  Bury,      .  .  12 

Mental  Diseases,      .      .      .   Bevan  Lewis,  M.R.C.S.,  .  .  12 

Asylum  Management,     .      .   Chas.  Mercier,  M.D.,     .  .  12 


3.  DIAGNOSIS  AND  TREATMENT  OF  DISEASE. 

Clinical  Diagnosis,    .      .      .  Drs.  v.  Jaksch  and  Cagney,  .  10 

Clinical  Medicine,     .      .      .  Judson  Bury,  M.D., .      .  .  10 

Fibroid  Phthisis,      .      .      .  Sir  And.  Clark,  M.D.,    .  .11 

Gout,   Sir  Dyce  Duckworth,  M.D.,  .  11 

Rheumatism,     ....  Arch.  Garrod,  M.D.,      .  .  11 

Diseases  Of  the  Blood,      .       .  Wm.  Hunter,  M.D.,.       .  .  13 

„         Childhood,     .       .  Bryan  Donkin,  M.D.,     .  .  13 

„         the  Eye,  .       .       .  Drs.  Meyer  and  Fergus,  .  .  13 

,,       the  H.eart,    .     .  a.  e.  Sansom,  m.d.,      .  .  13 

,,        the  Skin,       .      .  Prof.  M'Call  Anderson,.  .  13 


4.  GYNECOLOGY  AND  OBSTETRICS. 

Diseases  of  Women,  .  .  .  Halliday  Croom,  M.D.,  .  .  14 
Midwifery,  John  Phillips,  M.D.,      .      .  14 


5.  LEGAL  MEDICINE  AND  PUBLIC  HEALTH. 

FOreoloegyMediCine  ^  T0Xi:}P*°F-  Dixon  Mann,  .  .  .  i2 
Hygiene  and  Public  Health,   .   Hunter  Stewart,  M.B., .      .  12 


6.  SURGERY. 

Brain  Surgery,  ....   Victor  Horsley,  F.R.C.S.,  .  14 

Surgery  of  the  Kidneys,  .      .   Knowsley  Thornton,  F.R.C.S.,  15 

,,  Spinal  Cord,  .  Wm.  Thorburn,  F.R.C.S.,  .  14 

Railway  Injuries,     .      .      .   H.  W.  Page,  F.R.C.S.,     .  .  14 

Ruptures,  J.  F.  C.  Macready,  F.R.C.S.,  .  15 

*»*  Other  Volumes  in  active  Preparation. 
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CHARLES  GRIFFIN  &  CO.'S  MEDICAL  SERIES. 

Standard  Works  of  Reference  for  Practitioners  and  Students. 

Issued  in  Library  Style,  large  8vo,  Handsome  Cloth,  fully  Illustrated. 

HUMAN  ANATOMY. 

By  ALEXANDER  MACALISTER,  M.A.,  M.D.,  F.R.S.,  F.S.A., 

Professor  of  Anatomy  in  the  University  of  Cambridge,  and 
Fellow  of  St.  John's  College.  36s. 
"  Hy  far  thk  most  important  work  on  this  subject  which  has  appeared  in  recent  years  " 
-  The  Lancet. 

"  Destined  to  be  a  main  factor  in  the  advancement  of  Scientific  Anatomy.    .   .   .  The 
fine  collection  of  Illustrations  must  be  mentioned."— Dublin  Medical  Journal. 
"This  Splendid  Work  " — Saturday  Review. 


HUMAN  PHYSIOLOGY. 

By  Professor  LANDOIS  of  Greifswald 

AND 

WM.  STIRLING,  M.D.,  Sc.D., 

Bratkenbury  Professor  of  Physiology  in  Owens  College  and  Victoria  University,  Manchester; 
Examiner  in  the  Universities  of  Oxford,  Edinburgh,  and  London.  Fourth 
Edition.    With  some  of  the  Illustrations  in  Colours.    2  Vols.,  42s. 
"The  Book  is  the  most  complete  resumi  of  all  the  facts  in  Physiology  in  the  language. 
Admirably  adapted  for  the  Practitioner.    .    .    .    With  this  Text-book  at  command,  no 
Student  could  fail  in  his  examination." — The  Lancet. 

"  One  of  the  most  practical  works  on  Physiology  ever  written.  Excellently  clear, 
attractive,  and  succinct."— British  Medical  Journal. 


EMBRYOLOGY  (An  Introduction  to). 

By  ALFRED  C.  HADDON,  M.A.,  M.R.I.A., 

Professor  of  Zoology  in  the  Royal  College  of  Science,  Dublin.  18s. 
"  An  excellent  resume  of  recent  research,  well  adapted  for  self-study." — The  Lancet. 


CLINICAL  DIAGNOSIS. 

TXbc  Cbemfcal,  /microscopical,  anb  .TBactcrioloqtcal  J&vibence  of  Disease, 

By  Prof,  von  JAKSCH,  of  Prague. 

From  the  Third  German  Edition,  by  Jas.  Cacney,  M.A.,  M.D.,  of  St.  Mary's  Hospital. 
Second  English  Edition.    With  many  Illustrations  in  Colours.  25s. 

"Prof.  v.  Jaksch's  'Clinical  Diagnosis'  stands  almost  alone  in  the  width  of  its  range,  the 
thoroughness  of  its  exposition  and  the  clearness  of  its  style.  .  .  .  A  standard  work, 
as  trustworthy  as  it  is  scientific."— Lancet. 


CLINICAL  MEDICINE. 

A  PRACTICAL  HANDBOOK  for  PRACTITIONERS  &  STUDENTS. 
By  JUDSON   BURY,   M.D.,  F.R.C.P., 

Senior  Assist. -Phys.,  Manchester  Royal  I nfirtnary.    With  Numerous  Illustrations.  21s. 

"This  Manual  is  sure  at  once  to  take  a  foremost  place  as  a  guide  in  clinical  work." — 
British  Medical  Journal. 
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Griffin's  Medical  Series— Continued. 


At  Press,    With  Tables,  and  Eight  Plates  In  Colours. 

FIBROID  DISEASES  OF  THE  LUNG,  including 
FIBROID  PHTHISIS. 

Sir  ANDREW  CLARK,  Bart.,  M.D.,  LL.D.,  F.R.S., 

Late  President  to  the  Royal  College  of  Physicians,  London  ;  Consulting  Physician  to  the 
London  Hospital,  and  to  the  City  of  London  Hospital  fcr  Diseases  of  the  Chest, 

AND 

W.  J.  HADLEY,  M.D.,  and  ARNOLD  CHAPLIN,  M.D., 

Assistant  Physicians  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 


GOUT  (A  Treatise  on). 

By  Sir  DYCE  DUCKWORTH.  M.D.Edin.,  F.R.C.P., 

Physician  to,  and  Lecturer  on  Clinical  Medicine  at,  St.  Bartholomew's  Hospital.  25s. 
' '  At  once  thoroughly  practical  and  highly  philosophical.  The  practitioner  will  find  in  it  a-n 
enormous  amount  of  information." — Practitioner. 


RHEUMATISM  AND  RHEUMATOID  ARTHRITIS. 

By  ARCH.  E.  GARROD,  M.A.,  M.D.Oxon., 

Assistant-Physician  to  the  West  London  Hospital,  &c.  21s. 

"We  gladly  welcome  this  Treatise.  .  .  .  The  amount  of  information  collected  and  the 
manner  in  .which  the  facts  are  marshalled  are  deserving  of  all  praise." — Lancet. 


THE  BRAIN  AND  SPINAL  CORD: 

THEIR  STRUCTURE  AND  FUNCTIONS. 

By  VICTOR   HORSLEY.   F.R.C.S.,  F.R.S., 

Professor  of  Pathology,  University  College  ;  Assist.-Surgeon,  University  College  Hospital  ; 
Surg.  Nat.  Hosp.  for  Paralysed  and  Epileptic,  &c,  &c.    10s.  6d. 
"We  heartily  commend  the  book  toall  readers  and  to  all  classes  of  students  alike, 
as  being  almost  the  only  lucid  account  extant,  embodying  the  latest  researches  and  their 
conclusions."— British  Medical  Journal. 


THE  CENTRAL  NERVOUS  ORGANS 

(The  Anatomy  of),  in  Health  and  Disease. 

By  Professor  OBERSTEINER,  of  Vienna. 
Translated  by  ALEX  HILL,  M.A.,  M.D., 

Master  of  Downing  College,  Cambridge.  25s. 

"Dr.  Hill  has  enriched  the  work  with  many  Notes  of  his  own.  .  .  .  Dr.  Obersteiner's 
work  is  admirable.    .    .    .    Invaluable  as  A  Text-Book." — British  Medical  Journal. 
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ON    PERIPHERAL  NEURITIS. 


By  JAS.  ROSS,  M.D.,  LL.D., 

Late  Physician  to  the  Manchester  Royal  Infirmary,  and  Joint  Professor  of  Medicine  at  the 

Owens  College  ;  and 

JUDSON   BURY,   M.D.,  F.R.C.P., 

Senior  Assistant  Physician  to  the  Manchester  Royal  Infirmary. 

With  Illustrations,  Large  8vo,  Handsome  Cloth,  21s. 

"  It  will  for  many  years  remain  the  authoritative  text-book  on  peripheral  neuritis. 
British  Medical  Journal. 

"  A  monument  of  industry."— Edinburgh  Medical  Journal. 


MENTAL  DISEASES: 

With  Special  Reference  to  the  Pathological  Aspects  of  Insanity. 
By  W.  BEVAN  LEWIS,  L.R.C.P.  (Lond.),  M.R.GS.  (Eng.), 

Medical  Director  of  the  West  Riding  Asylum,  Wakefield.  28s. 

"  Without  doubt  the  best  work  in  English  of  its  kind." — Journal  0/ Mental  Science. 

"This  admirable  Text-Book  places  the  study  of  Mental  Diseases  on  a  solid  basis. 
.  .  .  The  plates  are  numerous  and  admirable.  To  the  student  the  work  is  indispensable." 
— Practitioner. 


LUNATIC  ASYLUMS:  Their  Organisation  and  Management. 

By  CHARLES  MERCIER,  M.B.,  F.R.C.S., 

Lecturer  on  Neurology  and  Insanity,  Westminster  Hospital  Medical  School,  &c,  &c.  16s. 

"Well  worthy  of  thoughtful  study.  .  .  .  Contains  an  immense  amount  of  useful 
and  interesting  information." — Medical  Press. 


FORENSIC    MEDICINE    AND  TOXICOLOGY. 

By  J.  DIXON  MANN,  M.D.,  F.R.C.P., 

Professor  of  Medical  Jurisprudence  and  Toxicology,  Owens  College  Manchester  ;  Examiner 
in  Forensic  Medicine,  London  University,  and  Victoria  University,  Manchester.  21s. 

"By  far  the  most  reliable,  most  scientific,  and  most  modern  book  on  Medical 
Jurisprudence  with  which  we  are  acquainted."— Dublin  Medical  Journal. 


HYGIENE  AND   PUBLIC  HEALTH. 

By  CHARLES  HUNTER  STEWART,  B.Sc,  F.R.S.E., 

Demonstrator  of  Public  Health,  University  of  Edinburgh ;  Examiner  in  Practical  Hygiene, 

R.C.P.  Edinburgh. 
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Griffin's  Medical  Series— Continued. 
DISEASES     OF    THE  BLOOD. 

By  WILLIAM  HUNTER,  M.D.,  F.R.S.E., 

Assist.-Phys.  London  Fever  Hospital ;  Arris  and  Gale  Lect.  R.CS.  Eng.,  &c,  &c. 


THE    DISEASES    OF  CHILDHOOD 

(MEDICAL). 
BY  H.  BRYAN  DONKIN,  M.D.Oxon.,  F.R.C.P. ; 

Physician  to  the  Westminster  Hospital  and  to  the  East  London  Hospital  for  Children  at 
Shadwell;  Joint- Lecturer  on  Medicine  and  Clinical  Medicine  at 
Westminster  Hospital  Medical  School.  16s. 
"  In  every  sense  of  the  word  a  fresh  and  original  work,  recording  the  results  of  the 
author's  own  large  experience." — The  Lancet. 

.  \  H  O    92  IIB91  1     A;      I  n  d  1  I  W  U  I  rVl 

DISEASES   OF   THE  EYE. 

By  Dr.  ED.  MEYER,  of  Paris. 
jFrom  tbc  UbtrS  ifrencb  BMtton, 
By  A.  FREELAND  FERGUS,  M.B., 

Ophthalmic  Surgeon,  Glasgow  Royal  Infirmary.  25s. 

"An  excellent  translation  of  a  Standard  French  Text-Book.  .  .  .  Essentially  a 
practical  work.  The  publishers  have  done  their  part  in  the  tasteful  and  substantial  manner 
characteristic  of  their  medical  publications."— Ophthalmic  Review. 


DISEASES    OF   THE  HEART 

(THE  DIAGNOSIS  OF). 
By  A.  ERNEST  SANSOM,  M.D.,  F.R.O  P., 

Physician  to  the  London  Hospital ;  Consulting  Physician,  North-Eastern  Hospital  for  Children  ; 
Examiner  in  Medicine,  Royal  College  of  Physicians  (Conjoint  Board  for  England),  and 
University  of  Durham ;  Lecturer  on  Medical  Jurisprudence  and  Publio  Health, 
London  Hospital  Medical  College,  &c.  28s. 

"  Dr.  Sansom  has  opened  to  us  a  treasure-house  of  knowledge.  .  .  .  The 
•originality  of  the  work  is  shown  on  every  page,  an  originality  so  complete  as  to  mark  it  out 
from  every  other  on  the  subject  with  which  we  are  acquainted." — Practitioner. 

"  A  book  which  does  credit  to  Eritish  Scientific  Medicine.  We  warmly  commend  it  to 
all  engaged  in  clinical  work."—  The  Lancet. 


DISEASES   OF   THE  SKIN. 

By  T.  M'CALL  ANDERSON,  M.D., 

Professor  of  Clinical  Medicine  in  the  University  of  Glasgow. 

Second  Edition.     Revised  and  Enlarged.  25s. 

"Beyond  doubt,  the  most  important  work  on  Skin  Diseases  that  has  appeared  in 
England  for  many  years." — British  Medical  Journal 
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GYNAECOLOGY  (A  Practical  Treatise  on). 

BY 

JOHN  HALLIDAY  CROOM,  M.D.,  F.R.C.P.E.,  F.R.C.S.E., 

Physician  to  the  Royal  Infirmary  and  Royal  Maternity  Hospital,  Edinburgh ;  Examiner  in 
Midwifery,  R.C.P.,  Edinburgh:  Lecturer,  Edinburgh  School  of  Medicine,  &c,  &c, 

WITH  THE  COLLABORATION  OF 

MM.  JOHNSON  SYMINGTON,  M.D.,  F.R.C.S.E., 
And   MILNE   MURRAY,  M.A.,  M.B.,  F.R.C.P.E. 


MIDWIFERY    (A  Treatise  on). 

By  JOHN  PHILLIPS,  M.A.,  M.D.,  F.R.C.P., 

Physician,  Brit.  Lying-in  Hospital:  Assistant  Obstetric  Physician,  King's  College,  Hospital 
Fell,  and  Memb.  15d.  for  Exam,  of  Midwives.  Obstet.  Society  :  Examiner  in 
Midwifery,  University  of  Glasgow,  &c,  &c. 


THE   SURGERY   OF   THE  BRAIN, 

By  VICTOR  HORSLEY,  F.R.S.,  &c, 

Assistant  Surgeon,  University  College  Hospital;  Professor  of  Pathology, 
University  College,  &c,  ic. 


The  SURGERY  of  the  SPINAL  CORD. 

By  WILLIAM  THORBURN,  B.S.,  B.Sc,  M.D.,  F.R.C.S., 

Assistant-Surgeon  to  the  Manchester  Royal  Infirmary.    12s.  6d. 

"  Really  the  fullest  record  we  have  of  Spinal  Surgery,  and  marks  an  important  advance. 
— British  Medical  Journal. 


RAILWAY  INJURIES: 

With  Special  Reference  to  those  of  the  Back  and  Nervous  System,  in  their 
Medico-Legal  and  Clinical  Aspects. 

By  HERBERT  W.  PAGE,  M.A.,  M.C.  (Cantab),  F.R.C.S.  (Eng.), 

Surgeon  to  St.  Mary's  Hospital;  Dean,  St.  Mary's  Hospital  Medical  School,  &c,  &c.  6s. 

"A  work  invaluable  to  those  who  have  many  railway  cases  under  their  care  pending 
litigation.    ...    A  book  which  every  lawyer  as  well  as  doctor  should  have  on  his  shelves. 
— British  Medical  Journal. 
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Griffin's  Medical  Series— Continued. 

In  Large  8vo,  Handsome  Cloth,  with  Illustrations  and  24  Plates.  25s. 

RUPTURES  (A  Treatise  on). 

By  JONATHAN  F.  C.  H.  MACREADY,  F.R.C.S., 

Surgeon  to  the  Great  Northern  Central  Hospital ;  to  the  City  of  London  Hospital  for 
Diseases  of  the  Chest,  Victoria  Park  ;  to  the  City  of  London  Truss  Society,  &c,  &c. 
"  Certainly  by  far  the  most  complete  and  authoritative  work  on  the  subject."— 
Ellin.  Med.  Journal. 

"Much  the  most  important  work  on  Hernia  which  has  appeared  of  late  years. 
The  Plates  are  of  an  order  of  artistic  merit  and  scientific  accuracy  not  often  met 
with."—  Glasgow  M edica  I  yourna I. 

THE  SURGERY  OF  THE  KIDNEYS. 

Being  the   Harveian  Lectures,  1889. 

By  J.  KNOWSLEY  THORNTON,  M.B.,  CM., 

Surgeon  to  the  Samaritan  Free  Hospital ;  to  the  Grosvenor  Hospital  for  Women  ;  to  the 
New  Hospital  for  Women  and  Children,  &c,  &c. 

In  Demy  8vo,  with  Illustrations,  Cloth,  $s. 

"The  name  and  experience  of  the  Author  confer  on  the  Lectures  the  stamp  of  authority." 
— British  Medical  Journal. 


In  Large  Crown  Svo.  Shortly. 

HAND-REARING ' OF  INFANTS: 

A  Guide  to  the  Care  of  Children  in  Early  Life. 

By  JOHN  BENJ.  HELLIER,  M.D., 

Vice-Pres.  N.  of  Eog.  Gyna;col.  and  Obstet.  Society ;  Surg,  to  the  Hosp.  for  Women 
and  Children,  Leeds ;  L?ct.  on  Diseases  of  Women  and  Children,  Yorkshire 
College,  Leeds;  Late  Clin.  Assist.,  Hosp.  for  Children, 
Gt.  Ormond  Street,  London. 

\Griffin's  Medical  Iland-Books. 


In  Large  Crown  8vo.    With  numerous  Illustrations.    10s.  6d. 

ANESTHETICS  AND  THEIR  ADMINISTRATION: 

A  Practical  Hand-Book  fop  Medical  and  Dental  Practitioners 

and  Students. 

By  FREDERIC  HEWITT,  M.A.,  M.D., 

Anaesthetist  and  Instructor  in  Anaesthetics,  London  Hospital ;  Chloroformist  and  Lecturer 
on  Anaesthetics,  Charing  Cross  Hospital ;  Anaesthetist,  Dental  Hospital, 
London  ;  and  National  Orthopaedic  Hospital,  &c,  &c. 
"  Should  be  on  every  medical  bookshelf." — Practitioner. 

"The  most  trustworthy  book  for  riference  on  the  subject  with  which  we  are 
acquainted." — Edinburgh  Med.  Journal. 
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In  Large  8vo.    With  Numerous  Plates.    Cloth,  1 2s.  6t£ 

THE  PHYSIOLOGIST'S  NOTE-BOOK : 

A  Summary  of  the  Present  State  of  Physiological 
Science  for  Students. 

By    ALEX    HILL,    M.A.,  M.D., 

Master  of  Downing  College,  Cambridge. 

General  Contents  :— The  Blood— Vascular  System— Nerves— Muscle- 
Digestion — Skin— Kidneys— Respiration — The  Senses— Voice  and  Speech 
— Central  Nervous  System — Reproduction — Chemistry  of  the  Body. 

CHIEF  FEATURES  OF  DR.  HILL'S  NOTE-BOOK. 

1.  It  helps  the  Student  to  CODIFY  HIS  KNOWLEDGE. 

2.  Gives  a  grasp  of  BOTH  SIDES  of  an  argument. 

3.  Is  INDISPENSABLE  for  RAPID  RECAPITULATION. 

The  Lancet  says  of  it:— "The  work  which  the  Muster  of  Downing  College  modestly  compares 
to  a  Note-book  is  an  admirable  COHEPHNDIUM  of  our  present  information.  .  .  .  Will  be  a  real 
acquisition  to  Students.  .  .  .  Gives  all  essential  toints.  .  .  .  The  typographical 
arrangement  is  a  chief  feature  of  the  book.  .  .  .  Secures  at  a  glance  the  evidence  on  both 
sides  of  a  theory." 

The  Hospital  says:— "The  Physiologist's  Note-book  bears  the  hall-mark  of  the  Cambridge 
School,  and  is  the  work  of  one  of  the  most  successful  of  hor  teachers.  Will  be  invaluable 
to  Students." 

The  British  Medical  Journal  commends  in  the  volume—"  Its  admirable  diagrams,  its  running 
Bibliography,  its  clear  Tables,  and  its  concise  statement  of  the  anatomical  aspects  of  the  subject. ' 


Twelfth  Edition.    With  Numerous  Illustrations,  y.  6d. 

NURSING  (A  Manual  of): 

ZlfceMcal  ant>  Suroical. 

By  LAURENCE  HUMPHRY,  M.A.,  M.D.,  M.R.C.S., 

Assistant-Physician  to,  Late  Lecturer  to  Probationers  at,  Addenbrooke's 
Hospital,  Cambridge. 

General  Contents. — The  General  Management  of  the  Sick  Room  in 
Private  Houses — General  Plan  of  the  Human  Body — Diseases  of  the  Nervous 
System — Respiratory  System — Heart  and  Blood-Vessels — Digestive  System — 
Skin  and  Kidneys — Fevers — Diseases  of  Children — Wounds  and  Fractures — 
Management  of  Child-Bed — Sick-Room  Cookery,  &c,  &c. 

"  In  the  fullest  sense  Dr.  Humphry's  book  is  a  distinct  advance  on  all  previous 
Manuals.  ...  Its  value  is  greatly  enhanced  by  copious  Woodcuts  and  diagrams  of  the 
bones  and  internal  organs,  by  many  Illustrations  of  the  art  of  bandaging,  by  Temperature 
charts  indicative  of  the  course  of  some  of  the  most  characteristic  diseases,  and  by  a  goodly- 
array  of  Sick-room  appliances  with  which  every  Nurse  should  endeavour  to  become 
acquainted." — British  Medical  Journal. 

"  We  should  advise  all  nurses  to  possess  a  copy  of  the  work.  We  can  confidently  re- 
commend it  as  an  excellent  guide  and  companion.  ' — Hospital. 
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JAMIESON,  (Prof.  A.,  M.I.E.E.,  F.R.S.E.): 

MAGNETISM  AND  ELECTRICITY  (An  Introductory  Manual  on). 
With  very  numerous  Illustrations.   Third  Edition.   Crown  8vo,  3s.  6d. 

"An  admirable  Introduction  to  Magnetism  and  Electricity  .  .  .  the  production 
of  a  skilled  and  experienced  Teacher  .  .  .  explained  at  every  point  by  simple 
experiments,  rendered  easier  by  admirable  Illustrations." — British  Med.  Journal. 

"Teachers  are  to  be  congratulated  on  having  such  a  thoroughly  trustworthy 
Text-Book  at  their  disposal."— Nature. 

LANDIS  (Henry  GM  A.M.,  M.D.,  Professor  of 

Obstetrics  in  Starling  Medical  College) : 

THE  MANAGEMENT  OF  LABOUR  AND  OF  THE  LYING-IN 
PERIOD.    In  8vo,  with  Illustrations.    Cloth,  7/6. 

LINN  (S.H.,  M.D.,  D.D.S.,  Dentist  to  the  Imperial 

Medico-Chirurgical  Academy  of  St,  Petersburg)  : 

THE  TEETH :  How  to  preserve  them  and  prevent  their  Decay. 
With  Plates  and  Diagrams.    Crown  8vo.    Cloth,  2/6. 

LONGMORE   (Surgeon-General,  C.B.,  Q.H.S., 

F.R.C.  S.,  &c,  late  Professor  of  Military  Surgery,  Army  Medical  School): 
THE  SANITARY  CONTRASTS  OF  THE  CRIMEAN  WAR. 
Demy  8vo.    Cloth  limp,  1/6. 

"A  most  valuable  contribution  to  Military  Medicine." — British  Medical  Journal. 
"  A  most  concise  and  interesting  Review." — Lancet. 

PARKER  (Prof.  W.  Kitchen,  F.R.S.,  Hunterian 

Professor,  Royal  College  of  Surgeons): 

MAMMALIAN  DESCENT:  being  the  Hunterian  Lectures  for  1884. 
Adapted  for  General  Readers.    With  Illustrations.    In  8vo,  cloth,  10/6. 

"The  smallest  details  of  science  catch  a  living  glow  from  the  ardour  of  the  author's 
imagination,  ...  we  are  led  to  compare  it  to  some  quickening  spirit  which  makes 
all  the  dry  bones  of  skulls  and  skeletons  stand  up  around  him  as  an  exceeding  great 
army." — Prof.  Romanes  in  Nature. 


Griffin's  "  Poeket-Book "  Series. 

Fourth  Edition.    Revised  and  enlarged.    Foolscap  &vo,  Roan,  with  152  Illustrations 
and  Folding-plate.    8s.  6d. 

THE   SURGEON'S  POCKET-BOOK. 

Specially]  aoapteo  to  tbe  flMtbltc  /[fteoical  Services. 

By  SURGEON-MAJOR  J.  H.  PORTER. 

Revised  and  in  great  part  rewritten 

By  BRIGADE-SURGEON  C.  H.  Y.  GODWIN, 

Late  Professor  of  Military  Surgery  in  the  Army  Medical  School. 

"An  invaluable  guide  to  all  engaged,  or  likely  to  be  engaged,  in  Field  Medical 
Service." — Lancet. 

"A  complete  vade  mecum  to  guide  the  military  surgeon  in  the  field." — British  Medical 
Journal. 
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In  Crown  8vo.    With  Illustrations.    7s.  6d. 

THE  DISEASES  OF  WOMEN 

(OUTLINES  OF). 
A  CONCISE  HANDBOOK  FOR  STUDENTS. 

By  JOHN  PHILLIPS,  M.A.,  M.D.,  F.R.C.P., 

Physician,  British  Lying-in  Hospital;  Assist.  Obstet.  Physician,  King's  College  Hospital  • 
tell,  and  Mem.  lid.  for  Exam,  of  Midwives,  O  J;,ict.  Society  ;  Examiner  in 
Midwifery,  University  of  Glasgow,  &c,  &c. 

V*  Dr.  Phillips'  work  is  essentially  practical  in  its  nature,  and  will  be 
found  invaluable  to  the  student  and  young  practitioner. 

" Contains  a  great  deal  of  information  in  a  very  condensed  form  .  The 
value  of  the  work  is  increased  by  the  number  of  sketch  diagrams,  some  of  which  are  highly 
ingenious,  — E-din.  Med.  Journal. 

"Dr.  Phillips'  Manual  is  written  in  a  succinct  style.    He  rightly  lays  stres-  on 
Anatomy.    The  passages  on  cash-taking  are  excellent.    Dr.  Phillips  is  very  trustworthy 
throughout  111  his  views  011  therapeutics.    He  supplies  an  excellent  series  of  simple  but 
valuable  PRESCRIPTIONS,  an  INDISPENSABLE  requirement  for  students."— Brit.  Med 
"Journal. 

"This  excellent  text-book  .  .  .  gives  just  what  the  student  requires.  .  .  . 
Ihe  prescriptions  cannot  but  be  helpful."— Medical  Press. 


Second  Edition.    With  Illustrations.    Price  6s. 

PRACTICAL  SANITATION: 

A  HAND-BOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 
INTERESTED  IN  SANITATION. 

By  GEORGE   REID,  M.D.,  D.P.H., 

Fellow  0/  the  Sanitary  Institute  of  Great  Britain,  and  Medical  Officer, 
Staffordshire  County  Council. 

TKUi t b  an  appendix  on  Sanitarg  Xaw 

By    HERBERT    MAN  LEY,    M.A.,    M.B.,  D.P.H., 

Medical  Officer  of  Health  for  the  County  Borough  of  West  Bromwich. 


General  Contents. — Introduction — Water  Supply:  Drinking  Water, 
Pollution  of  Water — Ventilation  and  Warming  —  Principles  of  Sewage 
Removal  —  Details  of  Drainage  ;  Refuse  Removal  and  Disposal — Sanitary 
and  Insanitary  Work  and  Appliances — Details  of  Plumbers'  Work — House 
Construction  —  Infection  and  Disinfection  —  Food,  Inspection  of;  Charac- 
teristics of  Good  Meat ;  Meat,  Milk,  Fish,  &c,  unfit  for  Human  Food — 
Appendix  :  Sanitary  Law  ;  Model  Bye-Laws,  &c. 

"A  very  useful  Handbook,  with  a  very  useful  Appendix.  We  recommend 
it  not  only  to  Sanitary  Inspectors,  but  to  Householders  and  all  interested 
in  Sanitary  matters." — Sanitary  Record. 
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Large  Crown  Svo.    Handsome  Cloth. 

A  MANUAL  OF  AMBULANCE. 

By  J.  SCOTT  RIDDELL,  CM.,  M.B.,  M.A., 

AssistaDt-Surgeon,  Aberdeen  Royal  Infirmary  ;  Assistant  to  the  Professor  of  Surgery,  and 
Demonstrator  of  Practical  and  Operative  Surgery,  Aberdeen  University; 
Lecturer  and  Examiner  to  the  Aberdeen  Ambulance  Association; 
Examiner  to  the  St.  Andrew's  Ambulance  Association,  Glasgow, 
and  the  St.  John  Ambulance  Association,  London. 

With  Nunerous  Illustrations  and  Full  Page  Plates. 


General  Contents. 

Outlines  of  Human  Anatomy  and  Physiology — The  Triangular  Bandage 
and  its  Uses — The  Roller  Bandage  and  its  Uses — Fractures — Dislocations 
and  Sprains — Haemorrhage — Wounds — Insensibility  and  Pits — Asphyxia 
and  Drowning— Suffocation — Poisoning — Burns,  Frost-bite,  and  Sunstroke 
— Removal  of  Foreign  Bodies  from  (a)  The  Eye;  (6)  The  Ear;  (c)  The 
Nose;  (d)  The  Throat;  (e)  The  Tissues  —  Ambulance  Transport  aud 
Stretcher  Drill — The  After-treatment  of  Ambulance  Patients — Organisation 
and  Management  of  Ambulance  Classes— Appendix :  Examination  Papers 
on  First  Aid. 


In  Crown  Svo.     With  Frontispiece.     Handsome  Cloth.  6s. 

CONSUMPTION 

(THE  n^GIENIC  PREVENTION  OF). 

BY 

J.    EDWARD    SQUIRE,    M.  D.,    D.  P.  H.  Camb., 

Physician  to  the  North  London  Hospital  for  Consumption  and  Diseases  of  the  Chest ; 
Fellow  oft/ie  Royal  Med.-Chirurg.  Society,  and  of  the  British  Institute  of 
Public  Health,  &*c,  &*c. 


"  If  the  terrible  prevalence  of  Consumption  is  to  be  lessened,  it  can  only  be  by 
the  intelligent  co-operation  of  the  laity  with  the  Medical  Profession.  A  conviction 
that  the  disease  is  preventible  is  of  first  importance,  and  some  knowledge  of  its 
nature,  and  of  the  mode  in  which  it  spreads,  is  necessary  to  direct  the  preventive 
measures  required."—  Extr.  from  Authors  Preface. 

GENERAL  CONTENTS :— The  Nature  of  Consumption— Preventive 
Measures  :  In  Infancy,  Childhood,  School  Life,  Adult  Life;  Exercise,  Clothing, 
Diet;  the  Household,  Choice  of  Occupation,  Residence— State  Hygiene — 
Management  of  Early  Consumption  :—  Question  of  Curability,  Climatic 
Conditions,  Travelling,  &c. 

"  We  can  safely  say  that  Dr.  Squire's  work  will  repay  study  even  by  the  most  cultivated 
physician.  .  .  .  Although  the  book  is  not  a  large  one,  it  is  full  of  instructive  matter,  and 
is  written  in  a  judicious  spirit,  besides  being  very  readable."— The  Lancet. 
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CHARLES  GRIFFIN  &  CO.'S  PUBLICATIONS. 


econd  Edition.    In  Extra  Crown  8vo,  with  234  Illustration*,  Cloth,  9s. 


PRACTICAL  PHYSIOLOGY  (Outlines  of): 


Being:  a  Manual  fop  the  Physiological  Laboratory,  Including 
Chemical  and  Experimental  Physiology,  with 
Reference  to  Practical  Medicine. 

PART  I. — CHEMICAL  PHYSIOLOGY. 

PART   II.— EXPERIMENTAL  PHYSIOLOGY. 

*»*  In  the  Second  Edition,  revised  and  enlarged,  the  number  of  Illustra- 
tions has  been  increased  from  142  to  234. 

"  A.  VERT  EXCELLENT  and  COMPLETE  TREATISE."— LanCtt. 

"The  student  is  enabled  to  perform  for  himself  most  of  the  experiments  usually  shown  in 


and  modica  practitioner  s."—  Olasyow  Medical  Journal. 

"  This  valuable  little  manual.  .    .    .   The  general  conception  of  the  book  is  exckllfnt; 
li  e  arrangement  of  the  exercises  is  all  that  can  be  dOBired  ;  the  descriptions  of  experiment* 
are  cluar,  concise,  and  to  the  point."— liritish  Medical  Journal. 


PRACTICAL  HISTOLOGY  (Outlines  of): 


%*  Dr.  Stirling's  "  Outlines  of  Practical  Histology"  is  a  compact  Hand- 
book for  students,  providing  a  Complete  Laboratory  Course,  in  which 
almost  every  exercise  is  accompanied  by  a  drawing.  Very  many  of  the 
illustrations  have  been  prepared  expressly  for  the  work. 

"  The  general  plan  of  the  work  is  admirable.  .  .  .  It  is  very  evident  that  the  sug- 
gestions given  are  the  outcome  of  a  prolonged  experience  in  teaching  Practical  Histology, 
combined  with  a  remarkable  judgment  in  the  selection  of  methods.  .  .  .  Merits  the 
highest  praise  for  the  illustrations,  which  are  at  once  clear  and  faithful." — British  Medical 
Journal. 

"  We  can  confidently  recommend  this  small  but  conciselt-whitten  and  admirably, 
illustrated  work  to  students.  They  will  find  it  to  be  a  vert  useful  and  reliable  guide 
in  the  laboratory,  or  in  their  own  room.  All  the  principal  methods  of  preparing  tissues  for 
section  are  given,  with  such  precise  directions  that  little  or  no  difficulty  can  be  felt  in  fol- 
lowing them  in  their  most  minute  details.  .  .  .  The  volume  proceeds  from  a  master  in 
his  craft."— Lancet. 


Second  Edition.    In  Extra  Crown  8vo,  with  368  Elustrations, 

Cloth,  12s.  6d. 


A  Manual  for  Students. 


LONDON:  EXETER  STREET,  STRAND. 


MEDICINE  AND  THE  ALLIED  SCIENCES. 


2  I 


"  Should  be  in  the  hands  of  EVERY  Mother  and  Nurse."—  The  Nurse  (Boston). 


In  large  Crown  Svo.    Handsome  Cloth.    Price  $s.  Post  free. 

THE  WIFE  AND  MOTHER: 

A  Medical  Guide  to  the  Care  of  Health  and  the 
Management  of  Children. 

By  ALBERT  WESTLAND,  M.A.,  M.D,  CM. 

GENERAL  CONTENTS  .-—Part  I.— Early  Married  Life. 
Part  II.— Early  Motherhood.  Part  III.— The  Child,  in 
Health  and  Sickness.    Part  IV. — Later  Married  Life. 

"Well-arranged,  and  clearly  written." — Lancet. 

"A  really  excellent  book.  .  .  .  The  author  has  handled  the  subject 
conscientiously  and  with  perfect  good  taste." — Aberdeen  Journal. 

"Excellent  and  judicious  .  .  .  deals  with  an  important  subject  in  a 
manner  that  is  at  once  PRACTICAL  AND  popular." — Western  Daily  Press. 

"  The  best  book  I  can  recommend  is  '  The  Wife  and  Mother,'  by  Dr.  Albert 
WESTLAND,  published  by  Messrs.  Charles  Griffin  &  Co.  It  is  a  MOST  valuable 
work,  written  with  discretion  and  refinement. " — Hearth  and  Hotw. 

"Will  be  welcomed  by  every  young  wife  .  .  .  abounds  with  valuable' 
advice," — Glasgow  Herald. 


Published  Quarterly.   Price  6s. 


THE  JOURNAL 

OF 

ANATOMY  AND  PHYSIOLOGY: 

NORMAL  AND  PATHOLOGICAL. 

CONDUCTED  BY 

SIR  GEORGE  MURRAY  HUMPHRY,  M.D.,  LL.D.,  F.R.S., 

PROFESSOR  OF  SURGERY,  LATE  PROFESSOR  OF  ANATOMY  IN  THE 
UNIVERSITY  OF  CAMBRIDGE  ; 

SIR  WILLIAM  TURNER,  M.B.,  LL.D.,  D.C.L.,  F.R.S. 

PROF.  OF  ANATOMY  IN  THE  UNIVERSITY  OF  EDINBURGH  ; 

And   J.   G.   M'KENDRICK,  M.D.,  F.R.S., 

PROF.  OF  THE  INSTITUTES  OF  MEDICINE  IN  THE  UNIVERSITY  OF  GLASGOW. 


*#*  Messrs.  Griffin  will  be  glad  to  receive  at  their  Office  Names  of  Sub- 
scribers to  the  Journal. 


LONDON:  EXETER  STREET,  STRAND. 
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CHARLES  GRIFFIN  &  CO.'S  PUBLICATIONS. 


WORKS  BY  DR.  ALDER  WRIGHT,  F.R.S. 

FIXED  OILS,  FATS,  BUTTERS,  AND  WAXES: 

THEIR  PREPARATION  AND  PROPERTIES, 

And  the  Manufacture  therefrom  of  Candles,  Soaps,  and 
Other  Products. 

BY 

C.  R.  ALDER  WRIGHT,  D.Sc,  F.R.S., 

Late  Lecturer  on  Chemistry,  St.  Mary's  Hospital  School ;  Examiner  in  "Soap"  to  the 
City  and  Guilds  of  London  Institute. 


In  Large  8vo.    Handsome  Cloth.    With  144  Illustrations.  28s. 

"Dr.  Wright's  work  will  be  found  absolutely  indispensable  by  every  Chemist. 
Teems  with  information  valuable  alike  to  the  Analyst  and  the  Technical  Chemist."  — 
The  A  nalyst. 

"Will  rank  as  the  Standard  English  Authority  on  Oils  and  Fats  for  many 
years  to  come." — Industries  and  Iron. 


Second  Edition.  With  very  Numerous  Illustrations.    Handsome  Cloth,  6a. 
Also  Presentation  Edition,  Gilt  and  Gilt  Edges,  7s.  6d. 

THE  THRESHOLD  OE  SCIENCE: 

Simple  and  Amusing-  Experiments  (over  400)  in 
Chemistry  and  Physics. 


*#*  To  the  New  Edition  has  been  added  an  excellent  chapter  on  the 
Systematic  Order  in  which  Class  Experiments  should  be  carried  out  for 
Educational  purposes. 

"  Any  one  who  may  still  have  doubts  regarding  the  value  of  Elementary 
Science  as  an  organ  of  education  will  speedily  have  his  doubts  dispelled,  if  he 
takes  the  trouble  to  understand  the  methods  recommended  by  Dr.  Alder 
Wright.  The  Additions  to  the  New  Edition  will  be  of  great  service  to  all 
who  wish  to  use  the  volume,  not  merely  as  a  '  play-book,'  but  as  an  instrument 
for  the  training  of  the  mental  faculties."— Nature. 

"  Step  by  step  the  learner  is  here  gently  guided  through  the  paths  of  science, 
made  easy  by  the  perfect  knowledge  of  the  teacher,  and  made  flowery  by  the 
most  striking  and  curious  experiments.  Well  adapted  to  become  the  treasured 
friend  of  many  a  bright  and  promising  lad."—  Manchester  Examiner. 


LONDON :  EXETER  STREET,  STRAND. 


A  BOOK  NO  FAMILY  SHOULD  BE  WITHOUT. 

Twenty-Ninth  Edition.    Royal  8vo,  Handsome  Cloth,  10s.  6d. 


A  DICTIONARY  OF 

DOMESTIC  MEDICINE  AND  HOUSEHOLD  SURGERY, 

BY 

SPENCER  THOMSON,  M.D,  Edin.,  L.R.C.S., 

REVISED,  AND  IN  PART  RE-WRITTEN,  BY  THE  AUTHOR, 

BY 

JOHN  CHARLES   STEELE,  M.D, 

Late  of  Guy's  Hospital, 

AND  BY 

GEO.   RE  ID,   M.D.,  D.P.H., 

Med.  Offices,  Staffs.  County  Council. 

'With  Appendix  on  the  Management  of  the  Sick-room,  and  many  Hints  for  the 

Di6t  and  Comfort  of  Invalids. 


In  Its  New  Form,  Dr.  Spencer  Thomson's  "Dictionary  of  Domestic  Medicine" 
fully  sustains  its  reputation  as  the  "  Representative  Book  of  the  Medical  Knowledge  and 
Practice  of  the  Day    applied  to  Domestic  Requirements. 

The  most  recent  Improvements  in  the  Treatment  of  the  Sick — in  Appliances 
for  the  Relief  of  Pain— and  in  all  matters  connected  with  Sanitation,  Hygiene,  and 
the  Maintenance  of  the  General  Health — will  be  found  in  the  New  Issue  in  clear  and 
full  detail ;  the  experience  of  the  Editors  in  the  Spheres  of  Private  Practice,  of  Hospital 
Treatment,  and  of  Sanitary  Supervision  respectively,  combining  to  render  the  Dictionary 
perhaps  the  most  thoroughly  practical  work  of  the  kind  in  the  English  Language.  Many 
new  Engravings  have  been  introduced — improved  Diagrams  of  different  parts  of  the  Human 
Body,  and  Illustrations  of  the  newest  Medical,  Surgical,  and  Sanitary  Apparatus. 

*,*  All  Directions  given  in  such  a  form  as  to  be  readily  and  safely  followed. 


FROM  THE  AUTHOR'S  PREFATORY  ADDRESS. 

"  Without  entering  upon  that  difficult  ground  which  correct  professional  knowledge  and  educated  iudg- 
ancnt  can  alone  permit  to  be  safely  trodden,  there  is  a  wide  and  extensive  field  for  exertion,  and  for  usefulness, 
open  to  the  unprofessional,  in  the  kindly  offices  of  a  true  DOMESTIC  MEDICINE,  the  timely  help  and 
solace  of  a  sim  pie  HOUSEHOLD  SURGERY,  or,  better  still,  in  the  watchful  care  more  generally  known  as 
*  SANITARY  PRECAUTION,'  which  tends  rather  to  preserve  health  than  to  cure  disease.  'The  touch  of  a 
gentle  hand  '  will  not  be  less  gentle  because  guided  by  knowledge,  nor  will  the  safe  domestic  remedies  be  less 
anxiously  or  carefully  administered.  Life  may  be  saved,  suffering  may  always  be  alleviated.  Even  to  the 
resident  in  the  midst  of  civilixation,  the  1  KNOWLEDGE  IS  POWER,'  to  do  good  ;  to  the  settler  and 
emigrant  it  is  INVALUABLE." 


"  Dr.  Thomson  has  fully  succeeded  in  conveying  to  the  public  a  vast  amount  of  useful  professional 
knowledge." — Dublin  Journal  of  Medical  Science. 

"  The  amount  of  useful  knowledge  conveyed  in  this  Work  is  surprising." — Medical  Timet  and  Gaze  tie. 

"  Worth  its  weight  m  gold  to  families  akd  the  clergy."— Oxford  Herald. 


LONDON:  CHARLES  GRIFFIN  4  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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Eleventh  Annual  Issue.    Handsome  cloth,  7s.  6d. 

THE    OFFICIAL  YEAR-BOOK 


SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT  BRITAIN 

AND  IRELAND. 

COMPILED  FROM  OFFICIAL  SOURCES. 
Comprising  (together  with  other  Official  Information)  LISTS  of  the 
PAPERS  read  during  1893  before  all  the  LEADING  SOCIETIES  throughout 
the  Kingdom  engaged  in  the  following  Departments  of  Research : — 


5  i.  Science  Generally :  i.e.,  Societies  occupy- 
ing themselves  with  several  Branches  of 
Science,  or  with  Science  and  Literature 
jointly. 

S  a.  Mathematics  and  Physics. 
§  3.  Chemistry  and  Photography. 
§4.  Geology,  Geography,  and  Mineralogy. 
IS-  Biology,  including  Microscopy  and  An- 
thropology. 


8 
§ 

I  9 

s  10, 

i  13 


6.  Economic  Science  and  Statistics. 

7.  Mechanical  Science  and  Architecture. 

8.  Naval  and  Military  Science. 
Agriculture  and  Horticulture. 
Law. 

Literature. 
Psychology. 
Archaeology. 


§  14.  Medicine. 


"  The  Year-Book  of  Societies  is  a  Record  which  ought  to  be  of  the  greatest  use  for 
the  progress  of  Science."— Sir  Lyon  Play/air,  F.R.S.,  K.C.B.,  M.P.,  Past-President 
of the  British  Association. 

"  It  goes  almost  without  saying  that  a  Handbook  of  this  subject  will  be  in  time 
one  of  the  most  generally  useful  works  for  the  library  or  the  desk."—  T/ie  Times. 

"British  Societies  are  now  weu  representee!  in  the  'Year-Book  of  the  Scientific  and 
Learned  Societies  of  Great  Britain  and  Ireland.'" — (Art.  "Societies"  in  New  Edition  of 
"Encyclopaedia  Britannica,"  vol.  xxii.) 


Copies  of  the  First  Issue,  giving  an  Account  of  the  History, 
Organization,  and  Conditions  of  Membership  of  the  various 
Societies,  and  forming  the  groundwork  of  the  Series,  may  still  be 
had,  price  7/6.    Also  Copies  of  the  following  Issues. 


The  year-book  of  societies  forms  a  complete  index  to 
the  scientific  work  of  the  year  in  the  various  Departments. 
It  is  used  as  a  ready  Handbook  in  all  our  great  Scientific 
Centres,  Museums,  and  Libraries  throughout  the  Kingdom, 
and  has  become  an  indispensable  book  of  reference  to  every 
one  engaged  in  Scientific  Work. 


LONDON :  EXETER  STREET,  STRAND. 


